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PEBFACE. 



The present volume has been prepared in compliance 
with the expressed wishes of several mathematical teachers. 

Jndicioaslj employed, it is hoped that it will be found of 
service to private students also. 

Of necessity, the solutions herein contained are not, in 
many cases, " set out " as the ordinary work of a student 
should be; but this can hardly be an inconvenience to 
those for whom the book is intended, especially when the 
number and variety of the examples worked out in the 
text-book are considered. 

The author cannot sufficiently thank those gentlemen 

who have so generously and well assisted him in revising 

for the press — a labour, in such cases as the present, 

arduous in no ordinary degree. He trusts that any errors 

which may be found will be such as are evident at sight, 

and therefore cause no inconvenience. 

J. W. 

EccLBs, Kanchbstxr. 



SOLUTIONS. 



[Observe that, in these pages, — (I) In the case of identities, /repre- 
sents the first side given, and I the other side. (2) In the case of 
equations, each solution begins with the first step after the state- 
ment of the equation.] 

EXERCISE I. 

f +3i = } X ^ - -^. 2. 1 ft. : 1 yd. = 1 ft. : 3 ft. = 1 : 3 ; 

1yd. : lOiin. «36 : ^^ = 72: 21=24: 7; 6f. : ljm. = }m. :|m. 

-9:16. 3. 1 ft. : 1 yd. = 1 ft. : 3 ft. - 1 : 3, 

1 sq. ft. : 1 sq. yd. — 1 sq. ft. : 9 sq. ft. » 1 : 9, and ^ = 3 x ^. 
4. 1ft. : lin. » 12in. : lin.=il2, Isq.ft. : 3x4sq. in. = 144sq.in. : 

X hf. -crs. 5x 6 



12 sq. in. » 12 ; ratio equal. 5. 



X hf.-guins. 2ix 21 



• 



6. « : 6 cwt. -3:7, .-. a? = ^^^ = 2cwt. 16 lbs. 

7. Let x" = unit, then 270 : 18a? « 3 : 2, .-. x == 10'. 

EXERCISE n. 

1 J of 90** - 30" ; I of 90° - 67° 30' ; ^^ of 90° = 139''6'27"-27. 
2. iofl00'-50'; f of 100*^=133^33^ 33"-3. f of 100*' = 86*'7r42"-86. 



3. -0616443 rt.Z 60 

90 60 

4°-638990 90 
60 

38'-3394 
60 



16" 



41 •25 

41 -6875 



■463194 rt. / 



20"- 364 



SOLUTIONS. 



[CH. n. 



4. sr = ¥ X 81^ = 90^. 33°-76 = y X ZS''76 « 37' fitf. 
160° = J^ X 160^ « 166'' 66^ 66"-6. 74° 31' 62"-6 - 74°-53125 - 

Y- X 74'-63126 « 82' Sr 25". 5. 150' = -ft ^ 1^^° "■ 136°. 

18^ 75^ « A X 18°-76 = 16**-876 = 16° 52' 30". 63' 26^ 36"-46 « 

^ X 63°-263646 = 66°-9282805 ^ 56° 65' 41"-8. 



4 8"- 3 



6'-805 



6. 60 

60 

90 

•801075 rt. Z =80<'10^75" 

7. -153005 rt. Z -010101 1 rt. Z 



60 
60 



72°-09H7o 



90 



90 



13-77045 deg. 
60 

46-227 min. 
60 



0°-909099 



60 



13-62 sec. 



54'-54594 
60 

32"-7664 



l3°46'13"-62 



I// 



1-0167 &c. 



-0404044 rt. Z 
90 

3°636a9& 
60 

38'18376 
60 

1 l"02o6 



CHAPTER II. 

1. i right angle = i x ^ir = i x 3-1416 = -7854. | rt. Z = ^ x iir = 
i X 6-2832 » 2.-0944. f rt. Z»fx^ir»fx 9-4248 ^ 1-3464. 
2. 30° = Jof90°=JxiT = Jir=*6236. 22° 30'= J x ^* Jir=-392Z. 

90 : 166J° = - : 3-1416x627 _ 2-7358. 
* 2 2 X 4 X 90 

90 : 96° 12' 12"= - : 3*1^16x28861 _ 1.579069. 

2 2 X 90 X 300 



3.150' = J.|.= 



3x31416 



= 2-3562. 



100^ : 73^62^ 3"-7 = — ; 3-1416 x 73-62037 ^ 1.1564288. 

2 2 X 100 

4. Jir = f of 90° = 150°. j^ : .5323 = 90° : ?^^^ = 

30° 30' nearly. iir : -8447 = 90° : QQ"^'^^^ ^ 430 23/ 51//.5, 

5. j^^ = 1 X 200' = 40'. 

i : 1-7482 = 100 : A??i!LLIf-^2 _ 111929^ 36". 

^ 1-5708 

6. 150° = i^"- X 150' = J X 500" = 166^ 66' 66"-7. 

18°7' 14"-16 - 18-1206 = ^ o^ 18^1206 = 20^134 = 20*^ 13* 40". 



CH. II.] SOLUTIONS. 3 

7. 126^ = A of 126° = i X 226° = 112° 30'. 

66^ 24> 26'" « 66^*2426 = ^^^ x 9 x 66*2425 =60°-61825 = 60°37'6"-7. 

8. Reqd. 0. meafl. = ^^^-^^ = _ = - = -6. 

9. 1-7 = UZ^B^, ... „d. = ?i«: = 20 feet. 

radius 1*7 

10, ^^'^ — ^ = c. m.of Z =1; .-. arc = }x204m. = 153 m. 
radius * * » 

n required arc j o/xo » 22 11 , , 

. — ^^— — = c. meas. of 30° = — = —-«--, .'.archil. 

21 6 6-7 21* 

12. Apply Euc. I. 32 and Cor. 1. The angle in case of— 

(1) triangle = } of 180° = 60° or Jir. 

(2) hexagon = ^ (12 x 90°-4 x 90°) - J of 8 x 90° = 120° or fir. 

(3) decagon * ^ (20 x 90°-4 x 90°) = -^ of 16 x 90° = 144° or ^r. 

(4) quindecagon=-^(30x90°-4x90°) = ff of90°= 166°ori|ir. 

13. 1 of 90 : 60 « 1 : 60 X ^ - 2-6. Jof 100 : 60 = 1 : 60 X T^^=2-4, 

14. iw: -5236-1:^1;^ = I- =.6. 



.EXERCISE III. 

2. c3 =» 92+ 122 = 81 + 144 = 226, .-. e = 16. 

3. a^ = c^-b^ = (25 + 20) (26 -20) « 46 x 6 = 226, .-. a = 15. 

4. c' = 100 + 676 = 676, .-.<? = 26. 

5. c^ = 49 + 81 = 130, .-. c = -v/lSO = &c. 

6. a2 = (10 + 9)(10-9) = 19, .-. a = 4-36... 

7. b'= (10 + 1)(10-1) =99, .-. b = &c. 

8. sq. on diagonal = (144 + 25) yds. = 169 yds., .*. diag. = 13 yds. 

9. sq. on diagonal = 2-202 sq. ft., .-. diag. = 20-v/2 = &c. 

10. Let a; ft. be side ; then 2x' = (5 V'2)2 = 60, /. x = 6, 

11. sq. on breadth = (30 + 27)(30-27) sq. yds. = 67*3 sq. yds. = 171 
sq. yds. .*. breadth = a^'HI yds. = 13*1... yds. 

12. Let a; in. = side, .'. x^ (Jz)2 = 10', .'. «3 = J x 20^, 
.-. X = J X 20^3 = &c. 

13. BC^ = (50 + 30)(50-30) sq. yds. = 1600 sq. yds., .'. BC= 40. 

14. sq. on diet. reqd. = (126 + 75)(125-75) sq. yds. = 10000 sq. yds. 
.*. dist. = 100 yds. 

15. sq. on reqd. dist. =(4 + V) «1. m. = iga sq. m., .'. dist. = 3 J miles. 

16. sq.onwidth = (75 + 60)(75-60)8q.ft.= 13516 sq.ft.= 9*163 sq. ft 
.-, width = 3-16 ft. := 46 feet. 



a + b 



4 SOLUTIONS. [CH. III. 

17. sq. on diet. = [(8-36)2+ (i-^js] gq, m. = 13-2496 sq. m., 
/. diflt. = 3-64 m. 

18. Noting the tacks^made by sailing vessel, square on distance in 

miles = 303 + 402 « 2600, /. dist. » 60 miles. 
•*. time of steamer » ^ hrs. — 4 hrs. 10 min. 

EXERCISE IV. 

(3.) (i«) I — ex — ♦= o. (ii.) / = a<?x — X — = i'. 

e c a 

(iii.) I— ab^x — X — X'- = <fi, 
b a 

r \ x^ fa b \ b a + b e 

\ c e I e c a 

^^'^ •' ^2 a2 * am " a^ 

CHAPTER III. 

1. 90°-12° = 78°; 90°- 25° 4'.-* 64° 66' J 90°- 56^' 50' 44" =33° 9' 16". 
90°-88°58'58"-89= 1°1'1"-11. 

2. 90°-(46^=F^) = 90°-46°±^ = 45°±^. 

3. tan ^ « tan (90°-^), ,-. A = 90°- ^, .-. A = 46°. 

4. sin bA = sin (90°-^), .-. ^A = 90°, .-. A :- 16°. 

5. sec 3^ = sec (90° -2^), .-. bA = 90°, .-. A = 18°. 

6. With the construction and diagram of Art. 21, 

o/vo AB 2a 2 OAO 2a » 

sec 30° = --— = — - = — — ; cosec 30° = — = 2 ; 
AD aVd 'v/3 a ' 

cot 30° = ?^ = V3 ; vers30°=l-cos30°=l-^^=i(2-v^3). 
a 2a 

With construction of Art. 20, 

Bec46°=4^»^^=V'2; cosec 45° = ^^ = -v/2 ; 
AC a a 

cot46°«— =1; ver845°-l 1- = ±^^ 

a aV2 V2 

With construction of Art. 21, 
Bee 60° = ~ = 2, cosec 60° - 



a 



aV3 a/3' 



cot 60° = ^^ « ^% vers 60° - 1 - — = -1-. 
a ' 20 2 



CH. III.] SOLUTIONS. 6 

7. sm'so" ; sill' 45° : 8m»60° = J : J : f = 1 : 2 : 3. 

2xJ- 
3. 11 ^3- 1 



•^ 1-1 

-L-1 A^ + i 

jm "v/2+1" • ^••^"5CX"V3^" 

v/2 2 2 2 

14./=3xJ-J = l-J = } = /. 

15.^ = -i+| = l, and /=|— 1 = 1; .-./=/. 

16. Make a rt. Z d A ABC having a rt. Z C and (7^ - 4, C7.B = 3. 
Then -4-B2 = 26 ; .-. ^jB = 5; .-. 8m^ = — = |; co8-4 = | 

cot-4 = ^, sec^ = I, coBec-4 = f, vers^ = 1—^ = \. 

17. Make rt. Z d A^i?(7, with (7 right, C5 = 6, ^5 = 9 ; then (Euc. 
1.47) ^C=2V14, .-. tan^ = -4r7; cos-4=?^; 

vers^ = l_?A/li = l(9-2v/14). 
y y 

18. Make rt. z d A with C rt., C7^ = \, AB = 2^2 ; then (7B = v^7. 

•••^^^ = 2^=r^''' ^^*^" Tr- 
ig. Make rt. Z d A with Crt., AB = 1, CL4 = c, .-. C7? =\/l-c2. 

. J CB a/1-c3 / \/l-c2 „ 

.-. Bin-4 = -—r = — =vl — <?2; tan-4 = -!^^ , &c. 

AB 1 e 

20. Let cot-4 = <J = -— ; and make rt. Z d A with C rt., CA = <?, 

1 



C5=l, .•.^J?=v/l+ca; .-. Bin^ = --4 



cos -4 a= -7-^ = &C. 



v/i+7« v/(l+C0t2^)* 
'V/(1+C2) 

21. Sec^ = ^. Make -45Cwith C rt. j also C.^ = 9, ^-B = 4. This 
construction will fail. 



SOLUTIONS. [CH. IV. 



23. Construct A^G with. Cx i,; a nd make A3 —p^ CB «j/p3_^2^ 



CHAPTER IV. 

1. ;= cos^ ?^ =/. l^fonA"^^ -/. 

cos.^ sin^ 

2. /- tan«^ -i— - /. / = —L- xanA^f. 

tan A COB A 



2 A> 



sin^ ' cos^O cos* 9 sin^O sin'O 

^ , 1 co8'0 sin'© CO8 cos'd 

and I =: — -- X . , ■ X X -; — = . ^ . 

cos'0 sin^tf 1 sia0 sin'a 
6./=coe(90»-^).^j-^5L-^ = . 

7. / = sec^ X = X ?H^ = /. 

cosec ^ cos A 1 

8. ^ = sin' + cos2 + 2 sine cos d = /. 

9. /= sin X sin + cos $ x cos 6=1, 

10 f— ^ t ^ _ sin' e + cos' fl _^ ' 1 _, 
• cos' sin' " cos^ sin- ~ cos' sin' 

11 f — ^^'^ ^ t ^Q^ ^_ — ^^^^ ^ "^ ^Q*^^ ^ 1 _ . 

cos sin cos sin ~ cos sin 

12. / «* (cos' + sin' 0) (cos' 0- sin' 0) = I. 

13./= fco80x?^V+ fsin0x^V='flii^'« + cos'0=l. 
■^ -^ \ co80y \ 8in0/ 

14./= f^i^xcos^V+ f^?^xsin^V«sin'^ + cos'^ = l. 
\cos^ / Xsm^ / 

IK f=( ^ CQS^ V, f ^ sin0 \'^ 1 1 ^ sin'0 4- CO8'0 

"^ \ COS0 sin0 / \ sin0 cos0 / sin' dos' sin' cos' 

ft 

16./=8in0(l-A_)=sin0-l=/. 

17. / = sin^ + cos^ ^?^ + sin^ ?^ + cos^ 

sin' -<4 + cos' A sin' -/4 4- cos' A , 
sin^ cos^ 



CH. IV.] SOLUTIONS. 

iQ f ^ cosec^^ -f sec'^ -^ 2 coeec^ sec^ sin-^ cos^^ 

cosec*^ + sec- -4 cos* -4 cos*^ 
cos'-^i + sin*^ + 2 sin A cos^ 



8in*-4 + co8*-4 



- ?. 



-Q ^_ Bec.4 cot^ — cosec^tan^ sin^ cos^ 
cos^ — sin^ siiiud cosui 

C08-4 — sin-4 sin^cos^ 

20. /= BinS^ (l-sins J5)-(l-8in2-4) sin*^ = /. 

21. / = cos'^ (1 - sin* J5) - (1 - 0082^) Bin^^ = I, 

22. co8^ ^^sin^ « cot^ -I— - ^^^'^^''^ - ^\ 

Bin^ cosec^ cosec^ 

J, 1 cos^ . . J, sec -4 A/(tan'-4 + l) 

cosec^ = -: — ^ « cot^sec^ = , = ^^-^ ^. 

KinA cos^ tan^ tan^ 

cos^ tan-4 -^(sec-^^-l) 

rt- . . sine^^^a tana tan 6 

24, sin 6 = cos a « 



cos sec 6 v^(tan2 6 + 1) 

cosec'^a = 



,j 1 _ 1 L 



sin* a 1 — cos* a ( I + cos a) ( I — cos a) (2 — ver8-4) ver8-4 
25. sin^ =v/(l-cosM) - -v/(l--'36) = v^-64 - -8; 

tan^ =^ = 1*3; sec^ =4-= 1*6; 

cosec-4 =: — « 1-26 ; cot^ = 1?- = -75, &c. 

•8 '8 

26.co8^ = N/(l-il4) = yiff-TW26. te„^-Jlx^ = ll^/26. 
^1 16 15 ,,„ „ 



cosec. 

a 



Bin A = — — , cos-4 = 



V(a2 + c2)' >v/(c* + a*) 

28. 2 8in*e = 1, .-. sine = — -, .'. = iir. 

■V 2 



29. 2tan2fl = tan'e+ 1, .-. tan^a = 1, .*. = >. 



S SOLUTIONS. [CH. IT. 

30. 2cot^e = u, C0B9 = 1^3, .-. e = jir. 

31. 2cos2a-3co8a+l =0, .-. co8»=i(3±-v/l) = lori, .•.»=}». 

32. 1 + cot'tf « 2 sec cot d = 2 cosec $, .-. cosecd = 2, .\ = ^r. 

33. 2-2co8'6 + 6co8» = 4, .-. 2co8'e-6co9a + 2 = Q, 
.-. cos 6 « i (5± V9) = 2 or i, .-. = J^.. 

34. tan2a + tana-2 = 0, .'. tane=sj{-l± .v/9) = l or -2, .-. e=jT. 
36. 4sm<tf-7 8in2 6 + 3 -= 0, .-. sinSfl = J(7db ^/l) = 1 or J, 

.-. sin 6 = ^ a/3, .-. = iv. 

36. 4cos«d-3co86 + i=0, .-. co8e=J(3±v/l)=Jori, .-. e=}ir. 

37. 2oo8ec26-5co8ec6 + 2=0, .-. cosece=J(5±y^9)=2ori, .-. 6=Jir. 

38. 4 tan»^ « cot^ tan^ = 1, .-. tan^ = ± J. 

39. 25-26 cos2^ = 16, .-. co82^ = A, .-. cos^ = ±|. 

40. 3 8in2a + 2 8ina-l =0, .-. sino = J(-2±v'16) = J or -1. 

41. tan2-4-4tan^ + l =0, .-. tanJ[ = i(4±v^l2) = 2db-N/3. 
43. w'sins^ =w2(l-8in2-4), .\ Bia^A(m^ + n^ = «% 



.'. sin^ 



n 



.•. sin 0^2 = 1, .-. sin = ^ ; .-. d = -^. 

CHAPTER V. 

1. — -8in-4; .•. a- 5x8in30° -6 x^ « 2'6. 

2. -f = cot-B; .•. a = 10a/3 cot60° =. 10a/3 x -i- = 10. 
v3 

3. -£- = sec-4 ; .•. c = 20 sec 45° = 20 a/2* 



4.cosi?«±.^3=f; ...i? = 30o. 
6,tan^=3±==-J-=A/3; ... ^ = 60^ 

6. 8in5--^-i^ = -V; ••• -B = 45^ 

<j 10 a/2* 

7. 5 «90°-^ = 90"- 30° = 60°. — = sin-4 ; .-. a = 50 sin 30°= 

e 

60x1 = 26. ~ = C08^; .-. ft = 50 cos 30° = 60 x :^=25a/3 

c it 



CH. VI.] SOLUTIONS. 4 

8. -4 = 90° -5 = 90^-30° = 60°. — =:taii-B; .-. * = 1732 x i =» 

a vo 

1IH.=«1000. Jl=8ec-B; .^ <t = I732x A=i4??-^^= 2000, 
1-732 a * V3 1-732 

9. tan-B = -*- = 1?::? = 1-732 = V3; .-. 5 = 60°. 

29 

-4 = 90°- -5 = 30°. — =sec5; .•.<? = 25 x 2 = 50. 

10. 860^ = 4 = ^-5^ =1-414 -^2 J .-.^ = 45°. 

o 36 

5 = 90°-^ = 45°. 4- - *aii^ ; .-. a - 36 X 1 - 36, 



11. ^ » sin^ ; .-. a = 100 x -145 = 14-5. 

e 

12. 4- = cot B ; .-. « = 3-2 X -266 = -8192. 



13. cos^ « A. = 1^ = -62 ; .'. A = 51°41'. 

<; 25 

14. tan^ = A « 5529J ^ 16589 ^.gggse . ... j « 330 34^ 

a 8333^ 25000 

15. Taking fig. (6), CA = CDbqcACD = 433 x 2 = 866. CB « 

CDaeeBCD^iZS -L = J^^ =500. AB==AJ) + J)B^CI)iasuiCD 

Vii 1-732 

+ (72)tani»(7D = 433(V3 + -l) =433^3 = ^^=1000. 

16. Taking fig. (15), FQH = 45° = VHQ; .-. PQ = FS= x suppose; 
then PR^x^ 73-2 ; and •.• —. = cot 30°, .-. l+I?:? = V3 - 

1-732; .-. a: (1-732-1) = 732, or -732 x a; = 73-2; .-. a; = 100. 

17. In fig. to Art. 30, (2), CD^BCcoifi\ .-. AC ^ CZ>tana - 

JCtanttC0t3 = 4^^. 

tan 3 

18. Let CD = x\ then J?C«a:tana; .•. -4C« a?tani8 + fl; and 
-4C«a?tana; .•. artana = a:tanjB + a ; .'. a;(tana-tan/3) « fl; 

a 
.'. a?=* 



tano— tanfl 
19. DBC ^ 90° - BLC = 45° = BDC; .*. CZ) » J?2> cos 46"* « 

'l5l^60; ... tan^i)C7=^^-?^^ = W32-./3; 
1'414 * CZ) 50 

.-. ABC^ 60°; ... BDA - 60°-46° = 16°. 
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20. In ABC, fig. (14), each angle = 60** ; and •.• BC « BI>, BCD » 2). 
.-. 2L - BCB^B « ABC = 60"; .-. ACL = 60^ + 30° = 90**; 
.•• C2)-c-4(7tan-4««tan60°-flV'3, 

CHAPTER VT. 

*^* The references in brackets — thus, (1), (2), &c. — are to the 

figures of Plate I. 

1. In (1), let A be foot of person, CB the pillar. We have given BC » 
45 ft., A -«. 60" ; required AC, AC ^ CB cot-4 = 46 ft. x cot 60" « 

46ft. X 4s == ^-^^ft- ^ 15^/3 ft. 
>/8 a/3 

2. In (2), let ^(7be tower, and CA the horizontal base. Given AC ^ 
100 yds., A « 30°; required BC. BC ^ AC tan A = 100 yds. x 

3. In (3), let Sy S'he positions of ship, and L that of lighthouse, and 
let Se be eastward, S"^ southward. Given SS' « 12 m., S'Se = 46", 
eSL = 46", eS'L = 16" ; required SZ and -S'Z. Evidently S^SL = 
46" + 45° = 90°, and the triangle is right-angled ; also S^'L = 46" + 
16" = 60" ; .-. SZ = 5.S'tan SS'Z = 12 m. x tan 60" « 12 m. x V8= 
12 a/3 m. ; and S'Z « SS'aecSS'Z « 12m. x 2 = 24m. 

4. In (4), let CB be tower, BB the steeple, and A the point of obser- 
vation. Given BAC = 60", BAC = 46" ; reqd. BC : BC. BC = 
-4Ctan46" = ^6^ i)C=: -4Ctan60" - -4Cx V3 ; .\BC:BG^ 
ACVS:AC= a/3: 1. 

5. In (6), let BB be pole, BC height of mound, A point of observation. 
Givenj5^C« 30", BAC ^G0°; reqd. to show -Bi) = 2BC, BC^ 

ACtaxK^AC =, AQtan 60" = ACVS, BC - AC tan 30" - "^ ; 

a/3 

.-. BB^BC-BC^ACIVZ — L^ «^(7^« ?4r = 2JC. 

\ a/3/ a/3 a/3 

6. In (6), let AB be canal, C the crossing of the roads, CB the path. 
Given A = 30°, B = 60", ^ (7 « 3 m., (72) perp. to ^-B ; reqd. J?(7, CB. 

-4 + ^«90", .•.^CB«?90", .-. J?C=CMtan4«3m.x -L - 

v3 

a/3 m., and CD » C^^ sin ^ » 3 m. x ^ b l^ m. 

7. In (7), let HCf CJTbe two positions of ladder, -45 width of street, 
JSr, JT the windows. Given HC^ CX= 30 ft., IT^ = 24 ft., HCK = 
90"; reqd.^5, -BJT. ^C2«ir(72-2r^^=900-676 = 324, .-.AC 
« 18. Also •.• HCK^ 90°, .-. HCA + KCB = 90", .-. KCB = 
90"-JBrC-4 « J?; .-. BC^ CKcobBCK^ CHcq%H:^HA = 
24ft. ; and AB = 18ft. + 24ft. = 42ft. ; also 5Jr= CA'sin^CiC 
sxCffsin-H-^C-lSft. 
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8, In (8), let ^Cbe steeple, Ay D the two points of observation, DE 
parallelto^C. Given^2> = Soft., ^y£'6?= 46°, ^2)^=* 30°; reqd. 
JBCy CA, '.' BAC = 45°, ,'. AC=CB=^ xit. suppobe; then BE =* 

BC-^AD^x-SO; .-. ^^=^ = tan5/>J^= tan30° = i; 

X wo 

.•.*{^3-l)-30y3; ...^^jOv^S, 30^3(^3^.1) , 

' >v/3-l 3-1 

16(3+^/3); .-. -4(?=jBC==16(3> v'Sjft. 

9, In (3), let S^Sy Z8 be courses of the two ships, Se eastward. S'e 
southward. Given S'Se = 45°, eSL = 45°, eS'Z = 15° ; reqd. LS : S'S. 
Evidently S'SL = 46° + 46°= 90°, and the triangle is right-angled. 

Also SSrz « 46° + 16° - 60°. .'. ^ = cot SS'L =. -i;-, or 

ZS ' ^/Z 

S'SlZS^l : a/3. 

10. In (10), let ^Cbe mart, A point observed, jBi) horizontal. Given 
BC « 126 ft., DBA = 6° 60' 34" ; reqd. AC. BAG ^ alternate Z 

DBA; .'. AC ^ CB cot BAC =^ ^'f . ^ = .-4^ - ^o ft- =■ 

tan-fi^C tAnDBA -12 
1041fft. 

11. In(2), let ^J? be string, J?Cheightof kite. Given AB = 200vds., 
-4 = 36°; reqd. BC, BC^AB &mA=^AB BmS6°=^ 200 jda, x -6878 
« 117-66 yds. 

12. In (11), let ^(7 be wall, CA ditch, and AD the distance backward. 
Given5C=20ft., -B^C7=60°,i?2)C7=30°;reqd. CA.AD. CA^ 

CB cotBAC'^ 20 it, ic -L == 11-647 ft. nearly. CZ> = (7j5 ooti> « 

v3 

20^3ft. = 34-64 ft. ; .-. ^2> = 34-64 ft. -11-547 ft. = 23-093 ft. 

13. In (12), let B be steeple, C the tower, and AD the distance walked. 
Given AD « 6 m., ADB = 45°, ADC=^ 15°; reqd. ^C. ^C = 
AD tan ^i>C = .4i> tan 16° - AD cot 75° = 5 m. x -26 « 1-3 m. ; 
uIjB = -4i> = 6 m. ; .-. -B(7= l-3m. + 5m. = 6-3m. 

14. In (9), let ^, ^ be the milestones, CD the height of the hiU. 
Given AB = 1760 yds., EDB « 12° 13', EDA = 2° 46' ; reqd. CD 
■B X yards suppose. AB = AC—BC = a: cot -4 — a; cot CBD = 

a;(cot^i>-E-oot^i>^) = «(-!----?-) ^a, -217--0i8 
^ ' \-048 -217/ '0'k6x'2li 

•169 169 ^. . ^ 10-416 .« 10-416^-..^ 
-ajss a? ; .•, jp « — — AB = — — — • x 1760 = 



•010416 10-416 169 169 

108-47 nearly ; .•. CD - 10847 yds. 

15. a » aandacot^ = d; .-. adding, «(l+cot-4) = « + *; .•. a =» 

—^ — -. $BinA^a, ecoa A 'mb; .\ e{aiiA + (ioaA)saa + b; 
1 + cot.^ 

• • * ~ — ^ 7* 
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16. «-«, atanl?-*; .•. «(l-tani?) = fl-5; .*. a- -±=*_. 

l—tani? 

eco&S»a, ^^sinJ^B^; .*. «(oo&B»Biiij9)—a— d; .•.<?« — ^^^^^^^^ — . 

17. tf=Ba, acot4— J, «coBec-4=r; .*. 0(l + cot^ + coBec^)=a + & + «; 

I + cot A + coBeo A 

.-. tf(Bmui + oos^ + l) = a + i+r; .•. « = -; — f '^'^'''^^ . 

am ^ + cos A + l 

IS, ^<iotA^b,aoo9eoA^c; ,\ a{cotA—coBeoA)^b^e; .•. a — 

b-e 

cotA—QoaecA' 

CHAPTER vn. 

L (1) 360° + 30® -390°. (2) 2.360° + 70° = 790°. (3) 8.360° + 12o° 
= 1080° + 126° = 1206°. (4) 4.360° + 300° = 1440° + 300° = 174U°. 

2. (1) At OFa the angfle --(860°- 126°) =-235°; at OF it = 
-(360°-30°) = -330°. (2) -360°-60° = -420°. 

(3) - 2.360°- 290° - - 720°- 290°= - 1010°. 

3. A line turning from OA positiyelywould have described on coming 
to OB for the let time 90°, the 2nd time 360° + 90°, the 3rd time 
2. 360° + 90°. The line taming negativelr, the angles would he 
-270°, -360° -270°, and -2. 360° -270*. Hence the required 
angles are 90°, 450°, 810°, -270°, -630°, -990°. 

4. 60°inlBt; 250° -180° + 70°, and is .-.in 3rd; -.460°= -360° -90°, 
and is .-.between the 4th and 3rd; 660°= 360° + 270° + 20°, and is 
••.in 4th; -860°- -2.360°-90°-40°, and is .-. in3rd; -1000° 
= -2.360°-270°-10°, andis.-. inlst; 4ir-fir + Jir, and is.*, 
in 4th; --fv — —v--|ir, andis .*. in 2nd. 

6. LetufOP,-J[; thensin^-:^-!; cosui -^-^^=-? 

tanJt- — --— ; cot^ = — -- — ; sec^- — -- -; 

^5 ^.38 

oosecui — — ; vers -4 = 1 + — - — -— . 

4 6 6 

e. 8iii.i-=if--^; cosA^^ ^; tan^-^-i^; 

r r r r — * « 

cotui — ^^— — : sec^— — — — — : cosec^ « — » ; 

-y y' -« a?' -y y 

Tew .1-1 + - -^li^. 
r r 
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X3 



7. Let A be any angle (fig. to Art. 38) ; then, whatever position JPN 
may haye, sin^ = — - and coseoui » — -, by definition of theoe 



fanctionfl ; .*. sin^^ » 



cosec^ 



always. For all positions of ON^ 



ON OP 1 

by defs., cosu^ — -;r:;r and sec.^ » — -,; .*. always cos -4 — -. 

'' OP ON sec -4 

8. In all positions of OP^ PON is a right-angled triangle haying OP 
the hypotenuse ; . • . by Geometry, always PN^ + ON^ = 0P» ; . • . 

( ^)' or tan«^ + 1 = sec'^. 

CHAPTER Vin. 



1. Construct as in Art. 45. Then cot^ » — ; hence 

y 



"WheaA is 


or 

8eo° 


drill 


r 


yis 





.*. OOt^iB 


00 



in 1st 
Quadrant 

+Te and 
decreasing 

+veand 
increasing 

+ve and 
decreasing 



90° 




in 2nd 
Quadrant 

— ve and 
increasing 

+ve and 
decreasing 

— ve and 
increasing 



180° 



— r 



inSrd 
Quadrant 

— veand 
decreasing 

—veand 
increasing 

+veand 
decreasing 



270« 



— r 



in 4th 
Quadrant 

+veand 
increasing 

— ve and 
decreasing 

—veand 
increasing 



2. Eyidently, in fig. to Art. 45, when AOP is < 46% we haye, in the 

h.NOP, lOPN> LPONy and .-. side ON>PN, .-. 9^>^, or 
' OP OP 

cos^ >sin^. When ^ OP is between 45° and 135%wehaye, in the 

AiVOP, LPON> LOPN, and .-. side PN > ti^ ON, and .-. 

— > — , or sin^ > coe^. 
OP OP' 

3. In same fig., between 135° and 225% we haye, in aPON, the Z PON 
<46%and.-. lOPN>A6°; .-. lPONjbk JLOPN.and ON>PN, 

ON py 

PN 

4. In HUD6 fig.f mA^ —^ and in the right-angled triangle PON% 

OP is always the greatest side, being opposite to the right angle, 

PN OP 

,*. —> cannot be > 1. Again, seo^ « ---, which is neyer leas 

OP ON 

flm 1 for the reason just giyen. 
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5. In same fig., tan^ 



ON 



; and when A is near 90°, PK is very 



great and ON very small ; but the latter changes sign on A passing 

through 90° ; hence tan Ai and tan A^ are both very great, but the 

OP 
former -♦- ve and the latter — ve. Sec -4 = — — , of which OP has 

a fixed magnitude and ON is as just described ; .*. sec^i and sec ^2 
are both very great but differ in sign. 

6, Cot A is very jyreat in magnitude when ON is very great and PN" 
very small and when they differ in sign. This happens when A 
approaches 180° and 360° closely. 

7. Cosec-4.i8 very Targe and — ve when PN is very small and — ve, 
and .'. when A has just passed through 180° and also when it is 
approaching closely to 360°. 

8. Construct as in Art. 45. Sec^ «= — , in which x alone varies, x 

X 

varies from — r at OA' through to + r at OA ; after which it de- 
creases again through to — r. Hence the range of —is from — 1 

X 

through 00 to + 1, and the opposite. 

9, Cosec ^ = — , in which y alone varies ; y is greatest when it » ±r, 

y 

.*. cosec ^ is least when it = dbl. 

10, In fig. to Art. 46, tan -4 « -^, in which y and x both vary, but op- 

X 

positely, the one increasing as the other decreases. As y is finite 
when X is approaching 0, and made as small as we like, — is then as 

X 

large as we like. As ;r is finite when ^ is as small as we like, — may 

X 

be taken as small as wo like. 

11. Vers A = l— cos A ; and assuming the variations of cos A as known, 
and that cos A is never > 1, 



When A is 

cosAia 

,*. vers ^ is 



1 





in 1st 
Quadrant 

+ve and 
decreasing 

+ve and 
increasing 



or in 1st r^ in 2nd 
2ir Quadrant *^ Quadrant 

— ve and 
incrjasing 

+ve and 
increasin<4 

12. Sec'9 must vary similarly to sec $, except that it increases and 
decreases more rapidly from being a square and is never negative. 
Hence we may say, assuming the variation of sec Q as known, 




1 



-1 
2 



inSrd 
Quadrant 

-veand 

decreasing 

+ve and 
decreasing 



fir 



1 



in 4th 
Quadrant 

+ve and 
increasing 

+ve and 
decreasing 



When A is 
860*0 is 



10 or 
2ir 

1 



in 1st 
Quadrant 

increasing 



*^ 



QO 



in 2nd 
Quadirant 

decreasing 



inSrd 
Quadrant 

increasing 



fir 



in 4th 
Quadrant 

decreaiing 
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CHAPTEE IX. 

1. 008 160° « -COB (180*^-160°) « -cos 20°. tan 260° « tan (180°+ 80°) 
« tan 80°. sec (-200°) = sec 200° = sec (180° + 20°) - - sec 20^ 
cosec (- 1000°) « cosec (3 . 360°- 1000°) « cosec 80°. 

2. sm(fr— o) « sin[ir+(iT— o)] «— 8in(Jir— o) «=— coso; 

tan (Jir-a) « tan (iir— o)«cot a ; cot (f Tr + fl) « -cot [2ir- (fr + e)] 
« — cot (iir — a) = — tan © ; sec (f tt + d) « sec (iw — e) = cosec e. 

3. cos 136° = -cos45° - - -i-j cot 226° = cot 46° « 1 ; 

cosec (-610°) « -C08ec6l0° = -cosec 160° = -cosec 30° « -2. 

4. 8in(2«ir + ^) « sinfir = sin-^ir « i V3 ; cos ( — 2/*ir + Jir) — 
cos^T=si>/3; tan(2nT + ir— ix) == tan(x— iw) =— tan^ir «— 1 ; 

cot [2»IT + (fr -f »)] = cot Jir = - cot ^ir = -j-, 

6, -i v'3 = -cos 30° « cos (180°-30°), or cos (180° + 30°) = cos 160° 
or cos 210°, and cos 160° « cos (360°+ 160°); .•. required angles are 
160°, 210°, 610°. 

6. cof 6 = 1, .'. cot a = ± 1 ; and 1 — cot \yt « cot (ir + iir) ; also 
— 1 »= cot (t— ^t) or cot (2ir— It) ; .•. the four least positive angles 
are ^, fir, fir, \it ; the lines which contain these also contoin 
— ^, — |ir, —{it, — ir, which are the least negative angles. 

7. 2sin5^ + sin^-l-0; .-. sin^ - i[-l±A/(l + 8)] = i(-l±3) 
« i or -1, and i = sin 30° = sin 150°, -1 = ^ 270° ; .-. re- 
quired angles are 30°, 160°, 270°. 

8. 2(l-co82-4) = 3cos^, .*. 2co8'-4 + 3cos^-2 = 0, .•. co8-4 « 
i[-3±'s/(9+16)] = i(-3±6) = i or -2; and i = cos60° = 
COS 300°, —2 is not a cosine ; .*. the angles are 60°, 300°. 

9. tan»a+-i--«i?, .-. 3tan<0-lOtan»e + 3 = O, .-. tan^a^ 

tan^a 3 f 

J[10±v'(100-36)]=J(10±8) = 3or^, .-. tan a - ± V3 or ±-~-; 
.-. angles are 60°, 120°, 30*, 160°. '^^ 

10. Let A be the angle. Then Bin(180'^-^) « sin (90°-^), .-. 
sin^ » cosu^, .*. A «> 46°. 

11. cosf^-aj -cos(-a) -cosa; cob( — -a] «sina. 

coB(?^-a) = cos(ir-a)=-cosa; cos^^-a) - 

-C08(iir-a)--sina, cos f 1^-a J =» cos(2ir-a) =C08(-a), 

which is the first case over again. The rest come over again on 
taking higher vEdues of ft. 

12. sin^ = cos (90°-^) « cos [-(90°-^)] = cos (^-90°), 
COS -4 - sin (90°--4) - -sin [- (90°-^)] - -sin (^-90*»). 
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EXERCISE V. 
2. /» COS 90* COB -4 + sin 90** Bin ^ -/; /«flin90®ooB-4±oo890**8in-4 
- /; / = - (cos 180°co8-4±8m 180** sin -4) -/j 

/ SB — (sin 2irco8 0— cos 2ir sin 0) «/. 

cosiir — O0siwcosiir-siniirsiniir= (-77) - i^J " ^• 
cosO «co8iircosi»+siniirsiniir- f-^^) "•" (tTo) " ^' 

3./- 8in(46*>-30*^ - -i- . ±?-.l- . i- ^^; and 
^ -^ V2 2 V2 2 2V2 

sin 16** « cos (90"- 16**) = cos 76°. 

/- cos(46**-30**) « -L . — + 4- . - - •^^^^; aad 
^ ' V2 2 a/2 2 2V2 ' 

cos 16** - sin (90°- 16**) « sin 76°. 

EXERCISE VI. 

Answers to 2 cu^d 3 a-re written out at sight. 

1 a/2 

6. Leta«22i**, then2cos2a- 1+cob2o» 1+ -~; - l+-ir " 

2 + a/2 v3 a 

^^^, .-. cosa » iv'Ca + V2). 

6. Let o « lli°, then 2 sin^o = 1-cos 2o - l-i-/(2 + V2) - 
i [2 - V(2 + a/2)], .-. sin a « i-v/[2 - a/(2 + a/2)]. 

w «^* / ^ . »\ COS -4 cos 7? — sin^ sin B cot^ cot^— 1 ^^ j5«:j:«- 

7. cot (-4 + ^) « -: — . . p « — r-^ -— jonaividing 

sin^cos^ + cosulsin^ cot^ + ootj? 
numerator and denominator by sin A sin B. 

eoHA-B) - coa^coB^ + rin^Bin-B _ cot^coti? + l gij„a„i 
Binuicos^— cos^sm^ cot^— cot^ 

cot 2^ - cot(^+^) - cot^oot^-l „ «2t!^. 

cot^-t-cot^ icotA 

8. tan76<*^tan(46° + 30°)^ tan 45" ^ tan 30- a^ ^ ^^ , 

/ /q-.-n2 l-tan4d°tan30** a/3 a/3-1 

(a/3.H)« ^^ ^ 

3-1 

CHAPTER X. 

1, /=« sin 46** cos u^ + cos 46° sin ^ « — ;- cos-4+ — ;-8in-4 ■■ ^ 

a/2 V2 

2. /= cos 30°co8-4 + sin 30° sin A « iv'3 co8-4 +i sin-4 — L 

3./« l-cos(^ + 30°)-[l-cosM-30**)] -cos(^-30**)- 
cos {A + 20°) = cos -4 cos 30** + sin -4 sin 30°— cos A cos 30° + 
fiin^6in30**« 2xisinui - I. 
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**''^" 2 sin ^008 -4 "cos -4 ^''"'^ " 2cob«^ " 

A /a tan 46° -f tan A ^ , - - tan^— tan45° _^ « 

""' " l-tan46°tan^ " ' * "^ °" 1 + tan ^ tan 46° * * 

Q /^ BJP-^ . cos^ _^ sin'^^^co s»ii ^ 2 en ^ — / 

cos^ 8in^ cos^sin^ 2 sin ^ cos ^ sin 2^ 
Q f wn^ cos^ __ sin' ^ — cos' ^ ^ — 2 (cos^ A - sin* ^) 

* cos^ sin^ cos^sin^ 2sin^co8^ 

^2 cos 2^ . 

sin 2^ 

in / j^ ^ -^ sin ^ _^ sin ^ cos ^^cos AAiiB _^* 
COS-4 COS-ff cos^cos^ 

11 /» 22i:^_5iB_^ cos ^ cos .g— sin ^ sin J _^ « 
sin^ 008^*" sin^cos^ 

2Bin^ 2sin^ 

19 2 cos^ _ cos^ _ 2sin^008^ ^^ 

• I sin- ujf cos- ^ + sin* ^ 1 

cos' A cos' ^ 

y sin«^ 

1« I cos- ^ _ cos' ^ — sin' A _ m 

77^m^"oos3^ + 8in'-4 ''* 

oos'^ 

cos i^ sin i^ 
^- - sin i^ cosi^ cos' j^ — sin' ^^ ^ ^ 

^^* cosM , 8ini2 ''cos'M-hBin'M" 

sin \A cos i^ 

16. ^- cos 2(46°- M) = cos (90°-^) -/. 

17, 46°-h-<4 is complement of 46°— -4, 

.-. / = 2 sin (46°-^) cos {46°-u4) » sin (90«-2u4) -/. 
1Q / g / I sin ^ Qps 2^ \ _ ft COS ^ sin 2^ — sin ^ cos 2 A 
18./-^^! cos^sin2^y'" cos^sin2-4 

2 si n {2 A -A) _ 1 , 

cos A .2%\nA cos ^ cos-^ 
-_ , 1 cos 2^ cos 4^ 

10. I 



- sin 2 A sin 4^ cos 2A cos 4^ + sin 2^ sin iA 

cos 2^ cos 4^ 
cos 2A cos 4^ ^ - 

"cos (4^ -2^) "•'' 
20 / «■ (Bin ^ cos ^ + cos^ sin^) (sin^ cos^ — oos^ sin 9> » sin'^ cos-il 
-C082^sin«^ - sin'^ (l-sin'^)-(l-8in«^)8in'^ =» I. 
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21. / - sin* A cofl« J-coB« A sina B 

- (1-C08'ui)c082-B-C08?-4(1-C0#5) » /. 

22. / - C089 ^ 0082 B - 8in2 ^ 8m2 B 

- co8«-4 (l-8m2 3)-(l-oos2^) 8m2J5 « ;. 

28«/- C089^ 008'5-8m»^ 8m2j9 

- (l-8ill2^)C08«-5-sill2ui (1-C08«J5) = t 

___ (qqu O ^. 8111 ii\ 

g4 y „ 0O«9co9K-*in9ainiir _ -•2^ ^ _ (co8(>-gin9P 

cog»co8i,r + Bin98ini, 1 (cose + sinO) ~ «»^«-'^» 

_ co8gg + 8in8g~2BiiigooBe _ 1^8in2g 

C08 2e "" co8 2e ™ ' 

26, / « r tanj ir + tanja | «_ ) cos jg f ^ f cos^o + mnio ) « 
ll-taniirtania/ 1 ^ sin ja f I cosia-sinio / 

. ^ jg + sin« ^g 4- 2 sin jg cos jg __ - 
0082 jjj + si^a J J, _ 2 sin ^g cos ^g " •' * 

26. '-M»^r:--5-+C08a — ^-=.Bineco8 2(^+oo8e8in2^=./. 
sec 2<^ cosec 2^ ^^ •' 

27 /- sin( g-t-30°)sin(g~30°) ^ sin«g~sin2 30° singg-j 
008 (g + 30°) cos (g - 30°) cos^ g - sin2 30° " cos^ ft ^ * 
« f 8in ^«-2-«-l . 1-2 (1-2 sing g) , 
40O82g-2 + l " l + 2(2cos2g-l) ^ 
28./- (cos^a-sinSg) (cos^g + cos^gsinSg + sin**) = 

C0i2g[(C0B2g + 8ia2g)2-C0S«g8in«g] =C0S2g [l-1^5!«C0^\ ^ l^ 

29. I - «xn(g + 'y) 008 2 (i3 + 7) ^^^'^] -cos (a + 7) 8m2 (i3 + 7)x 
^^-j^j- 0082(3 + 7)008 (g+7)-sin203+7) sin (<i+y) 

- cos (23 + 27 + g + 7) -/. 

30 /- ^^ (A-h B) COB C+coa (A-¥ B) smO _ 

COB A COB B COB G 

BJn^ cos^cos C+ cosA sin^oosC7+ cos^ cos J sinC— sin^sin J Bin(7 , 

cos ^ cos J9 cos C ~ ' 

31 f^ c^(A + B) cos C—Bin (A + J) sin C ^ 
' cos A cos ^ cos C ''' 

C08^ cos Jcosg— sin^ sin B cobG— sinA cos Jsin(7— ooa^ sin B sin (7 _ . 

cos u^ cos ^008 (7 

42./-" 

■inIico8^co8C7+ cos^sin ^co8g+ coa^oos J8in(7— sin^ sin BsaiC 

sin^sin^sinC ~ ' * ' 
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33./- 

008^ 0O8j9 ooBG—anAanB cosO^oxlA cos B smG-^coBA anBanC 



I 



smAeiaBemC 

34./=- 

sin^ cobjP cob C+ cob A sin B co8C+ co8A cos B sin C—fanA sin B sm C 

COB A cobB cos C7— sin^ sini^ cos C— am A coaJH sin 6'— cos ul siu Jf am C 
_ tan A + tan B + tan (7— tan ^ tan B tan (7 

1 — tan ^ tan ^ — tan ^ tan (7— tan ^ tan C7 

(by dividing numerator and denominator by cos ^ cos ^ cos C?). 

35./- 

cos A cos B cos (7— sin ^ sin .g cos C7— sin ^ cos J? sin (7— cos ^ sin BsinC 

eiaA oobBcobC+gobA BinB coaC+ cob A gobB smC—eiaA sin^ sin C 
cot A cot -g cot C— cot (7— cot ^ —cot ^ 

cot J? cot C+ cot A cot (7+ cot i4 coti^ - 1 

(by dividing numerator and denominator by sin ^ sin ^ sin C), 

2tan^ I ton^ 

36. / - tan (2^ + ^) - ^^^ + ^^ - ^"^"'-^ - /. 

oo.y wwiv ■^•^z l-tan2^tan^ ^ 2 tan ^ tan ^ 

~ l-tan^ul 

Let ul-30% then tan 8^-Qo, and 1-3 tan' ^»0, .-. tan^» -1-. 

v3 

Let ul » 60% then tan SA « 0, and tan A (3-taiiS A) « 0, 
.-. 3— tan'^ = 0, and tan ^ » a/3. 
^- ^ cos^ cos Jg— sin ^ sin B _ 1— tan ^ tan J 
■^ sin^cosJ^ + cos^sinjg tan^+tanJ9 

(by dividing numerator and denominator by cos A cos B). 

Hence c<,t7«»-cot(46-+80°)-i=^^7r^°-^ 

^ tan 46 + tan 30 i 

a/3 + 1 
^P ^ 1 1 ^ aec^secJ 

cos (-4 + ^) "" cos -4 cos ^- sin -4 sin ^ "* 1— tan^tanJ? 

sec A sec B 

" l-A/[(8ec«^-l)(Bec«-B-l)]' 

AM . ^ . , . J sin A 2BmAcoBA sin 2^ 
89. Bin 2-4 —4, .'. tan-4 — -, - — - — r-j — — r- r-j 

" • ■' cos -4 2C08«^ 1+C08 2^ 
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40. sill Si"* - COB (9O''-54'0 » cos Se"" » 1 - 2 BinMS^" 

, 06-2^/6 8-6 + 2v'5 2(v'5 + l) a/6-H 
«l-2-~jp-- 8 8 ~i^' 

41. l-28m«36°-cos72^ = ^^^^, .•. 2Bm«36°= l-^^^^^pl. 

4 4 

^-Tji^, .-. ria'SSO-^^V^, .-. gin 36° - ^<^-/^) . 

4 o 2 vZ 

42. 8iii(^-^)=sm[^ + (-J)]-Bin^cos(-^)+cos^Bm(— B) 

Bi sm^cos^— cos^sin^. 

43. 8in(^-^) « -cos [(90** + ^) -51 

«-[cos(90** + ^)cos-B + sin(90° + -4)8iiLB]«8in-4cosi?-coa-48inJ?. 

Let A^Bf then 1 « cob(^ — .4) «» cos-4 cos^ + sin^ emA « cos'-4 + sin'u£. 

44. ^ + -B<90°, .-. ^<90**-j&, .% cot-4>cot(90^-3)>taii5 

> — — -, •*. oot^cotjB>l. 
cot-B 



? 



EXEE0I8E Vn, 

2. (i.) /= «n(fl + <H.e-<j»)-sin(0 + 4>-e + ^) = ^ 

(u.)/=sin(\4 + 2B + ^-2J?)+sin(^ + 25~^ + 2B)-t 
(iii.) /= co8(2a + /3 + a + 2i8)+cos(2ft + /3— a— 2i3) = /. 
(iv.) /- cos (4^ -3^) -cos (4^ + 3^) = I. 
(v.) /« Bin(iir + ^ + iir-u4) + 8in(iir+^-iir+ui) 

B sin ifx + sin 2^ » /. 
(vi.) /- cos(iir + i^ + iir-i^)+COS(iir + i^-iir+M) 

ss cosx + cos^ -> I. 
(vu.) /« 2 [cos (60*'+^-60*'+-4)-co8(60°+^ + 60°--4)] 

» 2 (cos 2^ -cos 120*^ » /. 
(viu.) /= cos(A6-^e)-cos(A« + ^a) = /. 
4. (i.)/=2sini(30° + ui + 30*»-ui)Bmi(30°+^-30*+^) 

» 2 sin 30'' sin ^« ;. 
(u.) / - 2 sin i (60° + ^ + eo^-ui) cos i (60''+^-60'' +^) 

a2sin60°cos^s I. 

(iii.)/-2cosi(iir + fl + ix-e)sini(iir + e-iir + e) 
« 2oosiirsin0B /. 

,. . - 2 cos i (2a - 3/3 4- 6fl) cos j (2a - 36 - 6$) ^ cos (a -I- g) _ 
liv-; / - 2Bmi (2a-3i3 + 6j8) cos i (2o-8j8-6i3) sin (a-h^) 

CHAPTER XI. 

1 /- 2008 60*^008^- 2xicos^-;. 2. '* 2sinf^oo8M » 
*8inf^ + Bm|^»/. 3, /» 2 (cos 60° + cos 2-4) « 2 (i + cos 2-4)-/. 

4, /— 2 008 25 sin -4 — ;. 6. ' =» 2 sin 3-4 cos-4— sin 3^ — 

gia4^4-8ia2^-6in3^ — /• 6* /» 2cos}dco8i0 + oo8i0 — /. 



I. 
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- - 2BiniM-fl?)coBiM--J) \^ BmiM + J) _y 

^•^"'2c08i(^ + -B)co8i(^--B) ''co8i(^-JB) 

Q / 2siniM-fB)co8^(^-Jg ) . 

^••^"2coe^(^+-fi)8mi(^--B) " ' 

1ft/ 2 sin^U + J) Bin^ (A-B) _ . n . _ 2Bin2^Bin^ _ y 

^"••^"2co8i(^ + -B)co8i(^— 5) * 2co82^8in-4 

^rt / 2sin^co8B , -o / 2jin 4^008 ^^^ i 

l^--^"«2 8in^8inJ?" '^^••^"2 8in|e8iiiie 

14. I » 008 [(a + 3) + a] COB [(o + /3) -o] - /. (See p. 60, Ex. 22.) 

15. / - Bin {ZA + 2A) Bin (3^ - 2^) - /. (See p. 60, Ex. 21.) 

co^^-co8>«^ 1 1 «8ec«a-Beo«3 

*"••' cobSocob^^ COS^o cob^^ 

-tan«o+l-(tan»i3 + l) = /. 
^- - 2 sin 3a sin g ^ Bin 3a _^ « 

2 COB 3a sin o " COB 3a 
1Q / „ 2 sin §^ COB \A _^ Bin 4^ _, t 

"" 2C0Bf-4 C08i-4 "* COB 1-4 ** 
^^ ^ ^ Bin g + Bin 6o -t- 2 sin 3a ^ 2 sin 3a coa 2a + 2 Bin 8ft 
*^'^ "'Bin3a + Bin7a + 2Bin5g "* 2Bin6gCOB2g + 2Bin5a 

_ 2Bin3g(co8 2g+l) ^ ^^ 

"28in6g(co82a + l) " 
on /, 81^20 sine ^ Bin2gcoBe~co82eBine ^ 2Bin(2g-e> _^ 
**'••'■■ C0B2e cosa" coB2acoBa 2cos2flcoB0 

21 jp. Bin 2.4 Bin^_ 8in2.4 008.4 -t- coa2ulBin^ _ 2Bin (2^ -f .4) _^ 
*^'' "008 2.4^008^ 0082.4008.4 20O82.4C0B.4 

22. Transposing, we have sin (.4 + C) cos C-cob (^ + C) Bin C « 
sin (^ + 5) 008 5 -008 (.4 + J?) Bin -B, or Bin [(.4 + ^) -3] = 
sin [(.4 + Cf) — C], which iB evidently true. 

23. y«Bin2.4-8in2J? + 8in2-S-Bin2(7+8in2C— 8in22) + Bin22> 
-sin 2^ a 0. 

24. /-2Bin^.28inJ?Bin(7- 2 sin .4 [cos (5 -(7) -cob (5 +(7)] - 
. 2Bin.4coB(J?— (7)— 2sinuiooB(-B + C7) =/. 

25. /-2cos^[cos(5 + Cn-oo8(5-(7)]-2co8.4ooB(-B+t7) + 

2oo8.4oos(-B-C)-/ 
25./- 2co8^ [cob 240** + 008 2-4] - 2coB.4x(-i) + 2oo8.4ooa2.4 

ai — 008 .4 + 008 3^ + 008 ^ » A 

27, / — 2.2oo8uf C08 3.4 .2coa?3^ = 2 (cob 4.4 + cob 2^) (1 + cos 6.4) 
— 2oos4u1 + 2oos2.4 + 2cob4u1oob6uI + 2oos2.4oo8 6.4 -/. 

|./-ooa9-l-2ooB{ircoB0«oofa + 2(-i)oo8e«-0. 
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29./- 2 sin (cos 20- cos }ir) » 2 sin 008 0-2 sin 0x (-i) 
s sin 20— sin 0+ sin « ^. 

3O./«2co830(8in40 + Bin20) + 2sin30(sin40-sin20)»2sin20x 
(co820-8in"0) + 28in40(co8?0 + sin3 0)^28in20co6 20-i-28in40-/. 

31. 2/ = sin2 (cos 20- cos 40) + cos^ (cos 20 + cos 40) 

= cos 20 (cos* + sin2 0) -hcos 40 (cos? 0- sin* 0) 
» cos 20 + (2 cos^ 20- 1) cos 20 » 21, 

32. Remembering that A « 180°- (£ + C), 

l^2amA. 2amBBmC^ 2 sin -4 [cos (P -C^ -cos (5 +C)] 
« 2 sin (-B + C) cos ( J? - (7) + 2 sin ^ cos -4 
» sin 2^ + sin 2(7+ sin 2u^ »/. 

33. Bemembering ^A « 90°-i (-B + (7), 

l^ l + 2sini-4[cosi(5-(7)-co8i (B + C)] 
- l + 2cosi(J?+C)cosi(j5-C7)-28in2M =/. 

34. /-2sini^[8ini(5 + C^-sini(j5-C;)] 

« 28ini^co8i-4-2cosi(^+C7)sini(^-(?) =/. 

35. -.-ir-^ = -B+C, &c., .-. /=2cosi(ir--4)2co8i(-4 + C)x 
cosi (^ + -Bj =2 cosi (ir-^) [cos i (A + A-¥£+C) + coak [B- C)1 
= 2 cos i (ir-^) co»i (» + ui) + 2 cos i (5 + C) cos i (JB- (7) 

• «C08iir + C0S^-4 + C0S^^+C0SiC«/. 

28. cos -4 . 2 cos ^ cos C = cos -4 [cos {B + C) + cob (J?— (7)] 

» -cos''-4-cos {B+C) cos (-B- C7) « -cos«-4— (cos^ J-sin' C) 
s — cos2 A — cos' 5 — cos' C+ 1 ; .•. transposing, f^L 

nm f sin ^ + sin ^ - sin {A •¥ B) 

^'* -^ " sin^ + sin^ + 8in (ui + jB) 

^ 2 [sin^ (^ -h^) cos i (^-^-sin \ (^ -f J) cos j (^ + Jg)] 

" 2 [sin t (ui + :B) cos^ (^-^) + sin i (.4 + B) cos i (-4 + ^)] 
^ cosi(^-J?)-cosi(^+J?) ^ 2 Bin i^ sin i-g _ ton w tan O. 
co8i(^--B) + cos^(-4+-B) 2cosi^ 008^5 * 

88. ••• -4 + ^« 90°-.(7, .-. tan (-4 +J?)- cot (7, 

. tan^-ftan^ ^ 1_ . tanu4tan(7+tanStan(7-l-tan^tan5; 

1-tan^tan^ tanCT^ 
transposing, f=l, 

39. 1 » sin (^ + JB + (7) a sin ^ cos J9 cos (7+ cos ^ sin ^ cos (7+ 
COB A cos J? sin (7— sin ^ sin ^ sin C7 ; dividing by cos A cos ^ cos G^ 
sec-4seoJ?secC=tan-4 + tan-B+tanC— tan-4tan-BtanC7, .-. /« /. 

40 /^ 2coe'.^-8in»^ 2sin2^ ^ 2(cos^-Bin^) 2sin 2^ 
cos^+sin^ cos^-sin^ 1 cos^— sin^ 

cos' -4 + sin' -4 — 2 sin-4 cos^ + sin2^ 2 



-2 



008^- sin^ 008^— sin^ 



-r~coB^ 7:;Bin^ 

a/2 a/2 



46L ".• 3 + 7—«— «> .'./—(l— co8o)(l+coBa)-«8in'a-sinaBinOB + i) 
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.'. tan^—tan^ taiL9tan(7=s— taiLS— tan(7, ,',f^l. Suppose the 
A equilateral, •.• A^ B^C^ 60°, .-. 3 tan-4 « tan" -4, .-. tan^^ 
a 3, and tan^ — a/3. 

43 . . g _ co8a , a-^-h _ cosft-f coBjB _^ 2c08i(a + i8)co8i(i3--tt) _y 

h COB&* ' ' a—b cosa— cosjS 28in|(a + /3) ainiO— a) 

44. acoB20 + bBiD.2e » a(l — 2sin^0) + 3 . 28iii0cos0 

a a— 2(a8in^0^3 8in0cos9) » a— 2co^0 (fftan^O— dtan9) 

= a-2co8ae (a^-*A\ = a-2cos-ax = a. 

45. (1) 8m-4 + 8m5= 2 8mi(-4 + J)co8i (-4— J5); in which 

sin i (^ -t- ^) 18 constant, and cos ^(A—B) is greatest when ^(A—B) 

= 0, f .tf ., when A = B, (2) tan ^ + tan J = Bm{A + B) j^ gg^ ^j j^ 
2 sin f^ + B) ^* cos^ 

— r-z — ;^r^ 7^ — z:r- Now numerator is constant, and in 

cos ^A-i-B)+ cos [A-B) 

denominator cos (^ — J?) fdone yaries, and is ^r^a^M^ (and .*• the 
fraction is least) when A^B ^ 0; ue., when Am^ B. 

EXERCISE Vm. 
2. /« 3sin^-d8in^ s /. 3. /» asinl^ + asinC^ /. 

4. /=* flsin J— dsin-4 + J8inC— tfsin^ + csin^— asinC— 0, by (2). 

5. /» dsin^— asIn^-h^Tsin^— ^sinC>« 0^ by (2). 
A p^l-cos'^ _ ain» A -,. . . - 

^- l-co82^ ""sina^ -^ ' ••'-•^• 
7 f-j g ^ ^ acosJg + ^coB^ _ g ^y 

cos A cos ^ cos A cos ^ cos A cos ^ 

8. /-■ (&CO8(7+0COB^)+(^COS^ + aCO8(7) + (aOOB^ + ftCO8^) 'ml, 

o /« cos-g cos^ __ sin ^ COS J? -f COS ^ sin Jg ^ sin (^ + J) 
sinif sin^ sinu^sinjS sin^sin^ 

sin e • 

sin A sin ^ ^ sin ^ 
10. /- fl» + **-c» + fl» + a»-*«+a«+<^-aa-/. 

CHAPTER Xn. 

L. ^8in^ ,j|8in46° /i* 1 2 ^ 

3.rin^-^«n5-|^em46-=^^x-^-:^;...^-60'«rl20-. 
The Bolation is ambiguous, *.* a>b. 
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8. 8m2?-i8mu£-45am30'-4/2xi— -L; .% 5 - 45** or 13«*», 
V b>a, 

4 ami»-i8ia-i-^«m46»- Aj,<^- i, .•.J>-30»(<«»ly. 

6. <^-8H6«-2.8.6.co8l20*»-9 + 26 + 30xi-49, v a«7, 

6. C08 (7- [(«•+ (*)»-2»] + (2xf x|) - (U+it-4) X JJ - 0; 
.*. (7ss» 90®. 

7. OOB^ - (2^7)«4(3^7)«^7» „ 28 + 63-49 ^£2,1 ,,^^^g^o^ 
'• 2.2^7.3^/7 84 84 2' 

8. Bin^as— sin.4 = — -x--a«--, which is imposBible. Hence no 

a 2 2 4 "^ 

trianglo can have the parts ** given." 

9. Bin J» - isia^ - i^:?i±2 ain 18« - 2I4±1) X ::^»=l - «Ili 

a 2 2 4 4 

= 1, .-. 5-90*; .-. (7- 90^-18° -72**; and (>-^(*«-<^- 
V^(24 + 4^/20-4) « ^(20 + 8^6) -2 V(6 + 2V6). 90'» and its 
supplement are identical. 

10. Suppose a, b, C the given sides and angle ; then A, JB, e are reqnixed. 
fl« » (3 V6)«+3» ( V3+ 1)«-2 . 3-/6 . 3 (a/3 + 1) -i- 

-64 + 9(4 + 2v'3)-18-/3(V3 + l)«64 + 36-64 + 18V3-18-/3 

-36;.-. tf-6. ... sin^-f-sinC-^ -l-=r^; 
* e 6 -v/2 2 

.-. ^ «* 60* ; .*. 3 - 180*- (^ + C) = 180*- 105* - 76*. 
IJ^ (7» greatest and A = least angle, cos C — ,^ .^ ^ ■ ■■ 0| 
.*. (7—90*; .'. cos -4 =■ ^ » '8, ,\ A 

12. Let 3 he the angle, oos5 «=■ 05 9 ' 
.•. 3 = 62* ir nearly. 

13. cos (7- [l«+»)«-2T + (2 . 1 . t) - (1 +«-4) + V «r A 

«-^j J--.66 --co849*33'«cos(180°-49*330; .'. (7-130*27% 

14 «»«6«-8«-2.6.8.cos97*63'60"= 89 + 80 cos 82* 6' 10" 

-.89 + 80x*1376» 89 + 11 »100; .-. » 10. 
-- .sin^ ^, .. sinl31*36S _ 16 ^^ ain 48*26% ^, 

"^^"^a^"^*^ sin30* ^"'°T^"riir30^^^' 
■1 ^ X } X f for. — 8 far. — 1 mile. ^ 

la 8inul-4fflJi-»-¥'<A-l-'76; .'.-4 -48*26' or 181* Sfi*. 



. 36 


2.3.4 
*62'. 


42, 
90' 


-•46, 
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17. 11 a, b contain 0, ••• ^/(a^+ab + b^ > either aotb, C is greatest 

angle. cosC— r 7 = — f; .•. c = izo . 

° 2 .a ,b 

18. y- 2fl*co8(7-2<wcos^«a» + 4«-c3-(a« + c8-J3)«2*2-2c«=2/. 

19. /=a«8in-4 + * . asin JB + (?. asin (7= a'sin-4 + * . J8in-4 + <?. c8in-4 = /. 
2^ 2 (cos J COB g+ cos ^) ^ co8(J+C)+cob(^-(7)-2cob(^-H(7) 

2 (cos -4 60S C+ cos ^) '*cos(-4 + C)+co8(-4-(7)-2cos(ui + C) 
cos (J- C) ~ COB (.g -t- (7) _ 2 s in J sin C ^ _ b_^ 

*" cos (-4 — C)- cos (-4 + (7) 2sin-48in(7 a' 

Multiplying out, 2/- 2/, .\f^l. 
o- 2 (cos J ->- cos (7 cos ^) ^ - 2 cos {C+A)'¥ cos ((7+ ^) + cos {C- A) 
^' 2 (cosC+coB AcoB B) " -2cos(A + -B) +cos (J.+B) + cos(il--B) 
gob(C—A) — cob{C + A) __ 2 sin (7 sin ^ __ £^ 

"cos(-4 — jB) — cos(-4 + -B) 2sin-4sinJ? b' 

Multiplying out, 2/ » 2/» 

22. 2aA sin {C- 30°) - 2*c sin (A - 30°) 

- b [2a (sin (7^ a/3 - cos Ci) - 2c (sin A\ ^Z - cos Ai)] 
« d[A/3(aBinC— csinui) + ccosui— flcosC] 

. ?*[v'3xO + tfCOS-4-aoo8(7] = i[23tfcos-4-2«5co8(7] 

iS 

= i [d^ + c*— a'— («' + *'— c2)] = c*— a*. By transposition, /=■ ^ 

23. / = (<» cos (7+ fl cos -4) cos ^ + {a cosB + i cos A) cos (7= 2acos Jcos (7 
+ (ccos-B+4 cos (7) cos^ - a [cos (B+C)-¥cob (J?- C?)] + aoo8 -4 

» — a cos -k + a cos (-B— (7) + a cos -4 = /. 

24. Add a cos^ = -a cos (-B+ C) to 23. Then /= -tfcos [B + C) 
+ aco8(^-(7) = fl[cos(-B-C7)-cos(^ + C7j] = 2a sin jB sin (7. 

AK f 1 J. 2 sin ^ sin .g sin G 
•^*^ sin-4 + 8in -B + sm C 

^ . 2 . 2sinM ooBJ^ . 2Bin j-BcosiJ?. 2 sini^cos \C . g^^ ^^jt 

4 cos ^A cos 4-B cos ^ C 
-l+48inMsiniJ8ini(7=/(p. 66, 33). 

26. ul+5 + C7= 180°, .-. A+B - 180°-(7, .'.\(A + B) = 90°-i(7, 

27. Eemembering that i (^ +5) - 90°-i(7, ^ - "^^^7"^''^ 

^ 2coBi(^ + J)sin^(^-.B) ^ 8iniC8in^(^-.g) ^ sinjC^-J) . 

" 2 sin ^C cos ^C " sin ^C cos ^C cos^C 

^P «jh* smA + sJuB ^ 2Bmi(A'¥B)coBk(^-B) ^ cosj^^-g) 
•*• " sinC " 2siniCcosi(7 siniC 

-j-j , rinJ?-fginC _^ 2Bin j^(B + C7)cos^(.g-<7) ^ cob^{B-C) 
**••■ Bin-4 " 2sin4-4cos4-4 fiinjui 
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- ^\(^-^ „/, for cos i {O-JS) = am (90^-^(7+4^) 
an} A 

30. Let A = 2a, then 5 = 3o, C7 « 4a, 

. 2 __ sin 2o + sin 4a 2 sin 3a cos a ^^„ ^ 
2 sin 3a 2 sm 3a 

31. ; ss ^» ^sin C+e ,€smB __ ^ sin (7 (^ + o) _^ z .j O^f 

b + e " b + e ^ " 

(See fig. to Art. 20.) 

* • c2 sin^C sin2(^+J5) 

sin(^-J) ^ sinC^-J) . -_, 
^Bm(A+B) BiaC ' ••/-'•• 

33. 2 sin i (^ - J5) . 2 sin i (jB- 67) sin i {C-A) 

= 2sini(^-^) [cosi (A + B^2C)-co8i{A-B)'] 

= - 2sin i(^-u4)cosi (u4 + -B-2C)-2 sm i (-4-^) COB J (-4-^) 

= -8in(^-C?)-Bin((7-^)-sin(^-^)«-5^%in-4 
— - sin ^- ^-^i." sin (7, by 32. By transposition, / - 0. 

or (ft 

CHAPTER Xm. 

1. Let X « loga266 ; then 2* = 266 « 2^; .«. « - 8. 

Let a: « logj ^. 266 ; then (2y 2)* « 266, or (2J)* » 28, or 2** » 2* ; 
.•. fr « 8, .-. a; « Y = 6-3. 

2. Let a; = logio 100 ; then 10* « 100 « 10» ; .•. a? - 2. 

Let a? - logio'OOl ; then 10' = -001 = vk «* 10-»; .'. a? - -8. 

Let a? - log.oi 1000 ; then (-Ol)' « 1000, or (^)*«= lO** » 

10-**=108; .-. -2a?=3, .-. a: =-f = -1-5. 

3. Leta?-log8V3 8iy3; then (3V3)' « 8I5/3, or (3t)*-3*.8*, 
or 3*' -3^*; .-. fp=:Jjf; ... a? -= ^ = 2-8. 

JL Va ^ B. ?!2 t 

4. tiet»»loga« tobasea*; then (a")* = a«j .-.a* -a«, 






5. Let X « required no. ; then —6 — logio«, •'. « = 10-' «= 'OOOOl. 

6. Let X « required base ; then 2 » log^ 10 ; .*. a^ b 10, 
... X - a/10 - 3-162. 

7. Let a: « logj^, and y » logs^; then J!^- 2% and JV- 8" - 
(2^ » 2% .% 2" - 2'*: ; .-. 9 - 8y. 
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8. Let jP"logsg8; then 26* » 8 or 5^»2B; .*. 2d;log5 » 31og2, 

. X - ^^Qg^ « 3 log 2 ^ -90309 ^ .g^g 
21og6 2(l-log2) 1-39794 
In 9—22, ^ stands for given logarithm. 

9. ^ - log a; + log y + log 2. 

10. ^= log(10x2) =logl0 + log2 =. l+log2. 

11. 9 =log(3x6xl0) «log3+log6 + logl0 = log3 + l-log2 + l 

« 2 -log 2 + log 3. 

12. 9 - log 1 -log 22 « -2 log 2. 

13. 9 = log («*V) -log (2Vy*) 

= log a + 2 log * + 3 log c— 2 log 2— 4 log »— 6 logy. 

14. 9 «= log (2 X 3«*Md*)=log2 + log3 + loga + Jlog* + ilogtf + ilog<^ 

15. 9 « log^?^* =log?^* « log A «log2-V-log3. 
-« 1 y32x«/2» 1 3*. 2* , 3*. 2* 

-log(3*.2l)-:Kl-log2)«|log2 + ilog2+flog3-i 
= ^log2 + flog3--25. 

17. 9 « log (« + *)+ log sin i(7+ log sec ^. 

18. ^ = log + log sin B — log sin C. 

19. 9 = log (otf sin B) - log 2 = log a + log <? + log sin 5— log 2. 

20. 9 =* log («- *) +log cot IC-log {a + b). 

21. ^ -log[(* + ^)*(*-c)* «ilog(* + c) + ilog(ft-tf). 

22. 9 = log [(«-*)* (»-^)*]-log (AM) 

-ilog(«-*) + ilog(«-<?)-ilog*-ilog<?. 

23. 2*-10«. .-. 3.1og2 = 21ogl0. .-. * - 1^ - .9^-2-21*- 

21ocr2 21o<f2 "60206 

"•J'.S'.'.'-'.'riTS.- '— ^ - ra^ - «r 

- - '-^^206 -.^g2 ; ... « - 1.638. 
1-30103 

26 2"** - 26'-'" - 6'«»-**\ .-. (« + 3) log2 - 2 (3-2r) log 6 - 
•(6-4»)(l-log2); .-. a.(4-31og2)-6-9log2, ora:(4--90309) 
. 6-2-70927, or a; X 3-09691 = 3*29073; .-. x - 1-06. 

27. «(log7-log3)-logl0»-2, ...^.j--^A^^« ^-6-436. 

2a2^-(2.8)»-•-3»-^2^or2— •.3'-* = 3*-".2^, 
.-. 2*'"*.3-'- 1, .-. («-6)log2 + («-8)log8-logl-0; 
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• • 



fl;(logr2 + log3) »61og2 + 31og3, 

^ 51og2 + 31og3 ^ 1-60515 -H-43136 ^ 2'93651 

log2+loga *" •30103 + '47712 " •77&16 



3-774- 



CHAPTER XrV, 

1 and 2 answered by inspection. 

3. (1) Their signiBcant figures are the same. (2) The first significant 
figure is equally distant from the units' place and on same side of it. 
Otherwise: (1) log 3-66 =log (-0356 x 105-2 + log -0356. (2) -0366 
and '04 are both between 10-* and 10-'. 

4. Answered by inspection. 



5. 3-72046 
6 

14-32270 
l8 + 4-Ii 



2-00243 
2 

T0012I6 



1-98628 
4 

1-94512 
4 + 3-1 



•76216 

7 

5-33506 



6. 14-32270 

1001215 

1-94612 
6-33605 

19*61602 



6 ) 2-56821 
•42804 



6 )1-00426 
T-80085 

T-5+4 



8 ) 8382166 
11-27386 



7. 4 )n-02166 
3-26539 

TI-I2 + I 

8. 3-25639 _T-80086 

-42804 11-27385 
4-82735 10-52700 

3-1 -4 r+IT = I + ll- 10. 

9. log 128 = log 27 = 7 . log 2 = 2-10721. 126 « 6» - 10« + 2»; 

.-. log 125 « 3log 10-31og 2 = 3--90309 - 2-09691. 
2600 « 102 X 5« = 10< -T-22, .-. log 2600 = 4- 2 log 2 = 3-39794. 

10. -0005 = 1 -#-103x2, .-. log-0006 = -3-log2 = -3-30103=4-69897. 
196 = 49x4 -72x28, .-. logl96 = 21og 7 + 2log2 = 1-690196 + 

•60206 - 2-292256. log (28+5)* - Jlog (56 + 10) = 

|(log7 + 3log2-l)«J (-845098+ -90309- 1) = J of -748188--661141. 

11. log sin 45° = log 2-» = - i log 2 - - -150516 = 1-849486. 
log tan 60** - log 3* = i log 3 = -2385607. log sec 30° =« 

log (2-r-A/3) = log 2-i log 3 = -30103- -2385607 - -0624698. 

12. log Vi = i (log 1 -log 6) = -i (log 2 + log 3) = -i of -7781513 

- - •2593S38 = 1 -7406162. log (6^) -4 = -i log (•2<-h3) « 
-i (4 log 2 -log 3) = -i (1-20412- •4771213) «-i of •7269987- 

- -3634994 = 1-6365006. 

^3 (2.7)'x(-81)t ^ 39x3V ,_8H. 

(90)* 103 X 10* X 3i . 10* IOVj? * 

•% italog = tt log 3— ¥^ log 10 = 4-6280766-6«85 - 2'778076e» 
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"• ^^g y^'^^g I0i.2f.3^ "log-^-»jlog2^ 
Alog3-J - •227923 + -061120U--16666666 = •1123775. 

15. log(3»x6»+2") = log(3»xl0« + 2i«) = 20 log 3 + 6- 16 log 2 
- 9-642426 + 5- 4-81648 - 9-726946, .-. No. of digits = 9+ 1«10, 

W« V9. a/2 V18. a/6 A/I8.V25 . . 1^ o n to 
ilog25-i« •627636 + -349486--6« -477121. 
•^^J m " T^T^' " IS' ••• log •16-2-21og 26-2-2-796880 
» 1*204120. 460»18 x 26, .*. log 46»:«log 18 + log 26»2-663212. 

CHAPTER XV. 

The logarithms described as '* given " are so only as &r as regards 

mantissa. 



log 17267 = 4-2369663 
log 17256 -4-2369401 

252 
-74 



10 
176 



U8 
4 



pr.pt. for *74 *■ 186 
log 17266 « 4-2369401 

log 17266-74 « 4-2369587 
.'.log 1725674 B 6-2369687 

2. 4-8924676 = log 78067 

4-8924619 = log 78066 

56 = diff. for 1, 

4-8924662 = log given 

4-89 24619 « log 78066 

'6'6 s= pro. part, 

•*. increase to no. = ^ = -689, 

no. reqd. = -78066589. 

8, -1-6784633 = "J-3216467, 
4-3215467 - log given 
4-32 15363 = log 20967 

104 = pro. part, 
and .^f = -6, 
.'• no. reqd. « -0209676. 

4, 4*2183779 - log 16634 

4*21 83517 -log 16533 

2G2 - difi.' for 1, 



4*2183736 = given log 
4-21 83517 « log 16533 

219 = pro. part, 

*M = -8359, • 

no. reqd. = -00165338369. 

6. Let a? - (-0000083825)* 

loga; = i log 0000083826 
= i (6^9233736) 

- ■2-3077912, 
log 20313 = 4-3077741 

pro. part — 17 Ij 

log 20314 = 4-3077964 
log 20313 = 4-30 77741 
diff. for 1 « 213, 

m = -8, 

.-. X = -0203138. 

6. Iogl05 = log(i^x3x7) 

« 1— log2 + log3 + log7 
= -69897 + -47712 + -84610 
- 2-02119, 
.-. log (l-05)» - 20 log 1-06 
» -02119x20 
» .42380 
and log 2-663 = -42374 

pro. part = 6^ 

log 2-654 » -42390 
log 2-663 = -4 2374 
pro. part — 16^ 

A - -376, 
(l-06)» - 2-663375, 



•'• 
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7. By inspection of given logs, 

diff. for 1 = 330, 
and -2 of 330 » 66, 

.-. log 131072 = 6-1176100, 



.-. log(131072)iV « Ty(6-ll761) 
« -30103 = 1 --69897 

= l-log6 = log^ 

.-.(131072)^=2. 



8. Let X s value reqd. ; then 

/22.3.13\i / 3» \l 

*-(-ro-) M2710-O '^ 



10*.2\» 2A . 3V . 
IOA.13*' 



e^r- 



10 J \2.108y \ 13 

.•. log« = Alog2 + ^log3-A-Jlogl3 

= •1264292 + -8747224--6833333--1866672 = -2311611; 

.*. pro. part « 230, and diff. = 266, and f|f =« '9 ; .-. a? = 1-70279. 

9. logtf = log («+*)+ log sin i(7+ log sec 4> 

= log(a + *)+ZsiniC-10 + Zsec^— 10 = /. 

10. Squaring both sides, 2 (Z tan i^ — 10) = log (»—*)+ log (»— c) "" 
log«-log(*-fl), .-. /= ;. 

11. logtf a= log + log sin C— log sin ^ = loga + Zsin (7—10— 
(X sin -4 — 10) = I, log sin (7 s log c + log sin A —log a, 
or Xsin(7— 10 = logtf + Zsin-4— 10 — loga, .-./■* ^. 

12. log ic « log a + log sin a + log tan /3— log tan (o + ff) 

aaloga + Xsino— 10 + Ztani8 — 10-[Ztan(o + i8) — 10] — /. 

13. difE. for V = 2466, 



If of 2466 » 1473 
cos 67^ 32' - - 6368089 

cos 67° 32' 36"= -6366616. 

14. pro, part = 97, 
TSfj of 60" « 3", 
angle reqd. =47° 4' 3". 

15. pro. part - 2314, 

ilit ^^ ^^" = '*^"» 
angle reqd. - 75° 66' 49". 

16. diff. for 1' = 2226, 

If of 2226 = 1336 

L cos 60° 26' = 9 -6934534 

Z cos 60° 26' 36" » 9-6933198. 



17. il of 6208= 1242 
Z tan 12° = 9-3 274746 

Ztanl2°0'12"= 9-3276987. 

18. t^ of 441= 88 
Zcot63°32'40"= 9-8685041 

Z cot 63° 32' 42"= 9-8684953. 

19. pro, part = 317, 
fU of 60" = 20"-3, 

angle reqd. - 63°26'20"-3. 

20. pro. part = 696, 
.f^ of 60"= 14", 
angle reqd. = 37°40'14^ 



1./= 
2./- 

3./- 



EXERCISE IX. 
4»— 2 {a-^h-^e) = 4«— 2x2« = 0. 

^\ he ^ ae ''{8^a){8-b)l 

/I '(»-a) y »(8"b) \ ^ j_ 
^ \(«-*)(*-tf) («-.a)(»-<?)/ «- 



20 . ^ = 2« - {. 
e 



2« 



c 2 («-«) 



-.1. 
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\ 8 (a—a) 8{8—d) J 8 2« 



4 

28—28 + 2e 

28 



«/. 



6- a(l— cosJ?) a 2 sin" ^B __ a (g~g)(g— g) be 



2{8-h) 

* Ok; <zd a 

^ {8~-a){8—e-¥8 — b) ^ (j— a)(2j— ^— c) ^ (g — ff) a _ , 

' 2 2 ^( *(«-«) ) ^J «(5-^) J 

_ {s—b) a/>— c):fc(g — /?) a/(s--6') 

• /=3 A/[*~g](g— ^ + a— g) A/[g(g— g)(g — ^)] _ Is—a—b _ J 
^/^(s— a)(s— ^)] V[8—e](8-b — 8 + a) a — h 

2 2^1 («-a)(»-c) / ^ <(»-«)(»-*) ) 

... /« yJ_^^^ I ^ yV?-a){8-b){8-o)\ ^ ^^ 

9. »-i(4 + 7 + 9)= 10, .-. «-* = 3; .-. cos-|-«v/^-^ = Ja/30. 

10. »- i(^3 + l + v'6 + 2) = i (3 + >v/3 + -v/e; ; 
... j_a=: i(l->v/3+A/6); 

... ,-i = i(3^ ^/3--v/6); «-<? = ^(-1 + ^/3 + a/6); 

, _£ = /} (3 + a/3 -f V6)(-l + V3 + a/6) ) 
"2 '^i (1-a/3 + a/6)(3 + a/3-a/6) / 



(1 - a/3 + a/6) (3 + a/3 - a/6) 
/t 6A/2-f 2v/6-f(6-f2A/3) \ 

'^i6A/2 + 2v/6-(6 + 2A/3) / 



CHAPTER XVI. 

The difference and proportional parts, except in (1), are taken 

by inspection, when required. 

1, Let e^ Ay B be the given side and angles. Then h is required. 
C - 180°- (^ + J?) = 180°- 128° 29' 20" =61° 30' 40", and log b 
log c + X sin B—L sin/?. 



32 



SOLUTIONS. 



[CH. XVI. 



Z8inl04*«XBin76°. 

ZBinbrS(f -» 9-8935444 
If of 1004 =- 669 

X8in5r30'40"-i 9-8936118. 
loge — 3- 
2sin^= 9-9869041 

12-9869041 
2 sin C « 9-8936113 

log* = 30932928. 

los* = 3-0932928 
log 12396 « 4-09 32816 

112, 

3 5 O — «>^» 

.-. side^ « 1239-632 ft. 

2. X8in-» = log*-log« + Z8in-4. 
log*» 2-8649855 
Xsin^ « 9-9786334 

12-8435189 
loga» 2-9/)01701 

9-8933488 
28in61®28'= 9-8933433 



^Mj of GO" « 3", 
JB « 51° 28' 3". 



55, 



5. tanJ(^-^)« 



«— 6 



16 



3. Suppose a, i, (7 given. Then 

-■A%coti(7-^coti(7, 

teXcotje7-21og2, 

Xcot|(7» 10-4101858 
21og2=» '60206 

Lta,n\{A'-B)^ 9-8081258 

pro. part » 429, 
difE. for r « 2777, 
^'Vo^60"«9", 

i(^--B) « 32''44'9'' 
and i{A + £) « 68° 45' 

.-. ^ = 101° 29' 9" 

J« 36°0'51". 

4. « -«i (18 + 20 + 22) « 30, 
s^a — \2, 8 ^ b ^ 10, S" e ^ S, 

* 30 . 12 3«' 

. -. 2Z tan iA « log2— 2log 3 + 20 
= 2030103 -'9542426 
= 19-3467874, 
••. Xtani^ -9-6733937. 
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^_^^cotK-i-^coti(7=^cotK; 



.-. Xtani(-4-5) » 3 log2 + Zcot 27° 30'- 1 = -90309 + 10-2836233- 
-1 = 101866133; .-. i (^-i?) = 66° 56' + |m of 60" - 
56°56'51"-3, and ^(A+B) = 90°-27°30' « 62^30'; 
.-. A = 119°26'51"-3, B - 6°33'8"-7. 

6. ««i(4 + 6 + 6)= V, *-*=f, C08H5-(Jf .f)+.(4.6)«|A 
« ^^; .-. 2Z COB ij&= 2-7 log 2 + 20 =^2-2-10721 « 19-89279, 

. • . X cos ^B - 9-9463960 - Z cos 27° 63'- 90 = Z cos 27° 63' 8", for 
^ of 60"- 8" ; .-. JB = 66° 46' 16". 

7. tan i (^ --B) - |z| cot 32° 6' = ^^ cot82°6'; .-. Z tan i (^ - JB) = 
Z cot 32° 6'- 3 log 2 » 10-2025266- -90309 - 9*2994355 - 



Ztan 11° 16' 10", for pro. part = 1189, and ^lU of 60" >* 10 

.-. ui-i(^ + 5)-i(^-^)-69°10'10", 

1> - i U -f ^) -i M --B) - 46° 87' 60". 



'/. 
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8. tan i (^- J) = 1=1 cot iC- i- cot 23° 42' 30", .% Xtani(^-^ 

=. X tan 66° 17' 30"- 3 log 2 = 10-3673942 --90309 = 9-4643042 
= X tan 16° 63' 20", for pro. part = 1663, and ^«f of 60" - 20", 
.-. i (^ - ^) =- 16° 63' 20^ and i (^ + ^) -= 66° 17' 30" ; 
.-. A « 82° 10' 60", B - 60° 24' 10". 

9. . = 12, .-a - 6, &c., .-. tan^^ ^ ^lllM^ - *l3 ^ 2 . 

«(a— a) 12.6 10 

.-. XtanM = i(log2-l + 20) =^(19-30103) = 9660616, 
.-. pro. part — 81, and ASy of 10" « i"«6 nearly ; 
/. A = (24°6'41"-6) X 2 - 48° 11' 23". 

Also, tanH^ = ^ =||; .'. Xtan^J = i (l-61og2 + 20) 

= 9-747426, .-. pro. part - 67, and ^i^ of 10" = l"-6 nearly ; 
.-. .B = (29° 12'21"-6) X 2 = 68° 24' 43", 
.-. C= 180°-(.4 + ^) « 73°23'64". 

10. Suppose B « 60°, .-. tan i {^-(7) = I?:::! cot 30° - ^^ » ^, 

.-. Xtan^C^-C) =41og3-l + 10= 10-1928032, .-. \[A^C)^ 
67°19'11", andi(^ + C) =60°, .-. ^ = 117°19'11", J=2°40'49". 

11. X8in5=log* + X8in-4-loga- 1-8770266 + 9-7736727-1-8080759 
» 9-8425224; and j9»44°5'46"; and as ^>a, B also may = 
136° 64' 16". 

12. log* « loga+ Isin^-ZsinfJ^ + C) « loga + Xsin 16°-X8in80** 
:= 2-4048337 +9-4403381-9-9933616 « 1-8618203, 

.-. pro.part=»ll8, anddiff. = 611, andj|f«-l93; .-. *=71-09193, 

13. •.•a2=c»-«3=(fl + 6)(<j-*), .•.21oga=log(<5 + d) + log(d-*), .-.ftc. 

14. (i-) Obtain -i (or J); thus tan -4 = — -, .*. Xtan^doga— log^ + 10. 



(ii) ^*90°— ^. (iii.) «=acosec-4, .-. loge»loga + Xco86C^— 10. 
1fi ta ^ » ^'^^ = -?M ^ 193 X 6 ^ 193x10 
10. tan ^^.24 1224 163 x 8 163 x 2* ' 

,-. Xtan^ = 2-2855.573+l-2-1846914-l-20412 + 10 = 9-8967459; 

.-. pro. part -= 343, and diff. = 2698 ; also -^4^ of 60"- 8" ; 

.-. A - 38° 16' 8", and J? = 61° 44' 52". 

CHAPTER XVn. 

1. Suppose A^ Bf fig. (13), the cottages, CD the hill ; make X^ hori- 
zontal. Given AB « 176 yd., EDA = 30°, EDB - 45°. Hence 
X^C-30°, XJ?C-46°, ^X.B«46°-30°-16°, .-. CX-XJ?8in46' 

sin 30^ _1^ 

sin 16° ^/2 

2. In fig. (5), let CAB^BAD^'A, BD^aft, Then BC^BAtinA 



.^ij8^nA";j,.,176yd.xix-^-^xi-88(V3 + l)yd. 



BD "" ^ ""^ ^ = a cos CAD « a cos 2^. 
sinX^^ 
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3..Suppo8e(13)thefig.;then-45-M?j^«-^.^I^ - 

o /9 sinlo"' 81X1 4o° sinlo^ 

= 60ffc..x V2xix-4^i^- 60(V3 + l)ft. 

V 3 — 1 

4. Iiifig.(15), PQH=QSJS^Sa, QRE^EEE^a, QH£=2a, QB^a; 

Bin. 2a 2 cos a 

5. In fig. (15), suppose Q> It the two positions of ship ; then QM » 18 m. ; 

.-. Qff- Qi2^4^^- 18m.x-L. — = 18^^2m. 
sin 30° V2 1 

6. In fig. (16), Ss = 14 m., ZSa « 105°, i5*Z « 45°, .-. SLa = 30° ; 

sin 30° V'2 1 

X<- 14m.^^.~-7A/2(-v/3 + l)m. 
2-^2 1 ^ ' 

7. In fig. (17), let P^= 12 m., PiV=8 m, S be the point of meeting ; 
then AF = ^Pco8ec46° = 12 V2 m. ; .-. AN = (12 ^/2 - 8 m. ; 

.-. iV5=.^iV^i?J^-4^2(3-A/2)m. -^r- . l.= 8(3-V2, m. 
sin30° V ' ^2 1 ■ 

AS^iV2{Z^ a/2) m. ^^^^^ . A « 4 (3^/3- ^6-3+ ^/2) m. ; 
.;. ^^=12 + ^5=4(3^/3-^6+ a/2) m., PiV+i^5'=8(4- A/2)m. 

8. Suppose (18) the fig., then AD - AB sin 60° = BC ^^^ ^''^'^^ ^^ 



a/2 a/3-1 2 2 ^ -^ 



sin 15" 2 



9. In fig. (19), let AB, CD be the towers, and ADB = 45° ; 

then AJE » AB &= a; suppose, .*. AEB = 45°, .*. a circle will pass 
through B, A, E, D; in which BDB=90° for ^-4-B« 90°. Hence 
BE^ « BD^' + J)E^ or (a? a/2)* « («-a)a + (* + c)-i-a2 + c2, for 

BF'^x-ay SLnCLDF^x + e; .-. 2ac-2<?j;»2(a' + c2), ... a: « ^-i^. 

a — f 

10. Suppose (20) the fig. ; then if CD -a;, AC ^^x cot 30° « a: a/3, and 
BC - a: cot 18°. But -B^C= 90°, .-. {xVS)^ + a^ = ««cot2l8° 
^^,6_W:5 16 ^^(5 + a/5)(6 + 2a/6) ,^,(5^2a/5), 

8 6-2a/5 8 \ /» 

.-. ar'(2 + 2A/5) - a^, .-. a; = &c. 

11. Suppose (21) the fig. ; then DH^^DB^x suppose. Now tan^^a 

QoiDCE, .-. -^«£Z*, ... sfi^x^-¥(a-b)x^ab, .-. * - ---. 
a? + a X \ / » ^_^ 

12. Suppose (21) the fig. ; then BCD - 2A, HBC ^ 90°--4, 

AHB « 90°-2^ ; .-. CD ^ Cffcoa 2A = -Bif ^^° ^.^^!""/^ cob 2^ 

>« A n J Sin 2.A 

sm A cos -^ cos 2-4 rt 



.4^ 



8in(90'-2w4)aiQ2^ 2 
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13. Take fig. to Art. 136 (3); th6n^^»2y., OC^lly.,tBisiAO£^^; 
.-. j^-^-t_^.^^, .,<^ + 2,_99-0or(, + ll)(*-9)=0, 

.-. a; « 9, 

14. Suppose (22) the fig.,andlettaiLZ>u<-B«a?, .♦. a?-tan(5-4(7+C-4i)) 

= 1^ - ^^, .-. «»-3j? + 2 = or (a;-l)(a?-2) = 0, 
1 — ^ o— a? 

.*. -4 - 1 or 2. 

15. With fig. to Art. 136 (3), let a?=breadth reqd. ; then FOC'^jiOB 
^AOC-^BOC. l^/JH-gOgU 1^ 230. 200 \ 

X \ X X I \ x^ I 

~ ^ fln^ = -l-^^.» ••• 24ar2 = 276000, .-. «» - 11600, 
X «« + 46000 0:^ + 46000 ' 

.-. a?« lO-v/llS. 

16. Suppose (23) the fig. ; then AB » ^2)?JB^2^ 

8in -4-fli> 

B BE ""-^ 8in(3 — g) _. cosg sin(i8 — a ) 
sin -fc'-4i) * sin j8 sin (6 — ft) ' sin /3 

17. Suppo8e(24)thefig., andlet JC=a:, then-4(7=sa:coto, DC^xcot&y 
and •.' CL4i>:«90°, .-. a«=a;2cot2i3-«2cot2a««3(cosec2i8-co8ec2o) 
. j.a 8^n'«-8in^3 ^ ^2 sin(a + /8)Bin(a— /8) 

sin'^asin-/3 sin^asin^jS ' 
a pin g sin & 

V sin (a + ff) sin (o— /3) 

18. Construct as in (25) ; and let CE = x, BP = y. By Greometry, 
since CAH ^m CBHf & circle will pass round ABCS, and therefore 

y(y + 20) = 20(a: + 20) (1). 

Alsol^tangi?g^(^-±gg-g2)^(l.,(^^20)20\ 

« ^ « ^y rbv (1)1 = ^ • 

y3+(a; + 20)20 y'' + y(y + 20)^ ^^ ^-' 2y + 20' 

.-. 2y + 20-ar, .•. 2 (y + 20) = a? + 20 (2). 

From (l) + (2), y « 40, .*. x « 100. 

19. Construct as in (26), and let CD =^x, BC^ AB = y; 

.-. x^J)E-CE^y (6in^-sin^)=y. 28in i(^-^)cosi (-4 + ^)...(l), 
and a = J?J5-u4JF=ry(co8^-cos-4)*-y. 28ini(Jt--B)8inH-4 + ^)...(2). 
Dividing (1) by (2), x = acot i (-4 + B), 

20. Given, in triangle ABCy c « 100 yds., ^ « 63^20', ^ = 59° 30' ; 
reqd. b. C= 180°-(.4+jB) = 67°10', sin (7= cos 22° 60'; loar i = 
log<? + Xsin^-ZsinC» 2 + 9-9363204 -9-9646602 » 1-9707602; 
.-. b = 93-489 yds. 

21. Standing at the extremity of the shadow, the sun will be seen in a 
line with the top of the tower. Its ansfiilar altitude is therefore 
that of the top of the tower. Suppose it » a. Then tan a » V^ 
= 2, .-. ^ tan o « log 2 + 10 = 10-3010300. Hence pro. part— 306, 
diflf. for 60" - 3169, /f^ of 60" « &\ .-. a = 63° 26' 6". 
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22. GKven (fig. 11) DA - 30 ft., BAC ^ 61®, BDC ^ 46*»; reqd. AO^ 
a jt; feet, suppose. 

ABB « BAC-^D == 6^ log* « log 30 + X sin 46°+ Z cos 51* 

- ^»««-ftio ^T^8in46** e,o -X sin 6**— 10 

af=^5cos61°=^i>^^-^co8 61°, ^ 1.47712 

^ CIO • ofto +9-85693 

and COS 51 - sm39 . +9-79887-18-94029 

log 30 = log3 + log 10 « 1-47712. « 21-13292-18-94029 

w = 155-8. a 2-19263. 

23. G-iven (fig. 1 1 ) i>.4 = 600 yds. log -BC7 » log 3 + log 100 + i log 3 
i)=»30°, ^^C«60°; reqd. BC, = 2-47712 

ABD « BAC-D = 30** « i), + -23856 

.-. AB = AD, - 2-71568. 

.-. ^C'«^J5sin60*' pro.pt.«811,di£P. = 843, »H-'96, 

= 600 X i ^3 - 300 ^/Z, BC = 519-6. 

24. Given a, ^, C; reqd. u4, B. 

taniU-^)=^^cott(7 Xtani(^--B) = Xcot^C-logS 

uuijV^ zj; ^^^coifo ^ 10-4771213 

21-lOi^ ,.^ . .^^ - -4771213 

= 2iTurI''**^^*'°**^- - To; 

Iog3 = logi^ .-. logtani {A-B) * - logl. 

-Iogl5 + log2-logl0--4771213. 

.-. i(^+5)«90"-iC-71''33'54", |(^-5) = 45<>; .-.adding 
and subtracting, A = 116° 33' 64", B « 26° 33' 54". 

25. Given (fig. 27) ^P«220ft.,J?-4(7=s71°,-»PC=65°; reqd.^C,!?^. 

BC - ^Csin CAB BA - -4Ccos CAB 

- AP ^^^^ sin (7^2? - ^P^i^M cos C^i? 

sin^Ci^ sin^C^ 

log BC = log ^P + X sin 55*^ log BA = log ^P+ X sin 56° 

+ X8in 71°- X sin 16°- 10 +Xcos 71°- X sin 16°- 10 

a 2-34242 - 2-34242 

+ 9-91336 +9-91336 

+ 9-97567-19-44034 +9-51264-19-44034 

s 22-23145-19-44034 *- 21-76842-19-44034 

- 2-79111; « 2-32808; 
.'. BC^ 618-17 ft. .-. BA = 212-86 ft. 

26. Given (fig. 28) BD - 180 yds., BDP = 41°, BDQ = 68*». 

DP = PD sec BDP, DQ « BD sec BDQ, 

log DP » log 180 -X cos 41'' + 10 logDQ » log 180 -X cos 68° + 10 

- 12-255273 *- 12*265273 
-9-877780 -9-673576 

«- 2-377493; >- 2*681698; 

.-. ^P= 238-6 yds. .«. DQ - 480*6 yds. 
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27. CKven {^g. 29) CD = 64 ft., BDC « 80° = 2?C2), ACS « 30% 

' ^ sin 20° £dn20°8m20° 

^ ^^4cO8 40° «n20°<K>B20-l ^ 128 . cos 40° cot 20°, 
sin 20° sin 20° 2 

.-. log^jS- 71og2+Zcoe40°-Ztan20°=2-1072100 + 9-8842540 

-9-5610659 » 11-9914640- 9-5610659 - 2-4303981, 
.-. AB « 296-40031. 

28. The formula cot iC = ^^ tan t (^ - i?) will determine iC; then 

a—b 

i (^ + J) = 90°-iC, and is known; and ^ = i (A + B)+i (A-B), 
JB—^(A'tB) — i{A^ JB), and are both known. Side c follows from 
sin C 

sin^ 

29. C- 180°- (^ + B); then a - Misgiven by « -*= (a + 4) *^5it^J^. 

COb -ffO 

Sides <i, b follow, and the solution is in ordinary course. 

30. 8ini(^--B)-2^co8|C gives i(^--B), and (Euc. i. 32) 
^{A + B); after which a and b follow, and then a, 5, in ordinary way. 

31. J(A+«— «)=#—«, i[*-(<?-a)]*#—<j; hence tan iC« -^^tanM 
will give C, and the remaining solution follows. " 

32. i(& + <? + a)»«» i{e + a'^b)^S'-bi then cot i^s —^ tan i^ gives 
C, and the rest follow as usual. ''"' 

CHAPTEE XVIIL 

^ \ « a—a s—b »— c/ A 

4A « 2t be t 

*•■'"*<? .2(«-a)"«-«" 

*• ^ TTIi • "a" ' "a" .(*-«) "•^• 

7, a«nii?«in4(7secM - « y5 (*-^)(*-^^ . ilrfKizil . *£- l 

,^y K«-«)(.-»)(»-^) > A,^^ 

C a- . « / < 
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isin iCsin iA sec Ji? - > y5 (>-'')('-») . (—m-') . .J!L- ] 

^ i ab be 9{8^b) J 

* sin M Bin ia sec J(7 - y ( ^i:4^^i^ . ^i^^Hlrfl . _i!*_ J 

^ i be ae aU—e) f 

8. acosJ5cosiCseci-4 - « ^ | '>=^ . *-^ . --^ } 

* ^ i ao ab *(«—«) ) 

a * «— a ; 

9 ^ = j.(?^. f^^ii^ + ?2?i?\ = , <. sin i^ sin \B 

\ sin i^ ain^BJ .' ^ cos i-4 sin ^If + cos i /? sin i^ 
^ ....sinMsinii? ^^^^ sin^^sinXi? ^^^^ 

sini(^ + ^) cos|C7 ■■ ^ ''J "^ 

10 /- <^^ /i_^^ \ sin^sin J ^ ^^^1 sin^-g X sin^sin ^ 

2 \ . a^lsm(A-£) 2 \ sin2 ^ / sin (^ - ^) 
_ fl- sin2^-8in3J? sin ^ sin J ^ ^ sin (^ + i?) sin M ~ jg) 
2 sin2^ sinU-J?) *" 2 sin2^ 

^ si n ^ sin B _ c^ sin (.^ ->- .g) gin » « ili si'^ -^ sin __ - 
sin(^-^) 2 sin^ 2 sin^ '■•^' 

« 2« ^ /i 1 I « 8 — « f 

22, / « «2 /i (g-^)(g-g)(g-g)(«-a)(g-g)(g-3) I 

o 

13. /«ir(2i?sin^ + 2J?sin^ + 2i?sin(7) ^ir(a + b-^c) ^^.8^f. 

11. /- 4 ^^^ y ( (^-"^)(*-^)(*~g)(*-<')(*-<*)(*-^^ ) 

4 A ( be,ea ,ab ) 

^ JL . A2 „ A _ ^ 
A « « * 

15 /=b4^ /( (*— 3)(8— g) . 8(g — 3) .g(g— g) ) ^ 1 A' _ A _i 
4a i be.ca.ab i A ' *— a «— a 

16, /=s *(*—«) +«(»—*)+« («— g) 

^ 8{8—aS^8'-h){8—e) 8(8-a){8 — b){8—c') a fg— g)(g— ^^(g— g) 

(s-*)(«-g) (a-g)(«— a) {^8-'a){ji-b) 

_A A^A A^A A ; 
«— i «— g < — g «— a «— a «— 
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17. 4A cot A = 4.ifcsin^cot^ = 2b€(ioaA = ^s+cS-aJ. 

18. By Xn., Ex. 24,/- 2«8in^smC'« 2J?sm^ x 2sm-Bflm(7-/. 

A A A A A 

^ 2g--rg^-3 + g) . 

A '• 

20./ = A f-i- + --i_ + J-- + J_\«^ /ii£±fLti+»z:i±i3i.\ 

«Aa I — - — + ^ ) - A^ *'-(^ + g)g-«-3c-fg'-<w 

« £.[2,2 + ^^«(i + ^ + a)«] = e*? = ?. 
A A 

21, J? + »'= —£___ + 2A _ g ^ a& ^ gg + g^ + c^ -^ 2gg 
28inC7 2« 2 a + ^ + g ** 2(a + * + (?) 
_ g(g + ^) + g8 + ^2+2g^ _ (g + ^)g+(a + ^)a ^ (g + ^)(g + g + ^) tf + g 
2(a + * + c) 2(« + * + <?) 2(a+6 + c) """T" 

22 '{'--) - (^ + ^ + g)(g + ^--g) (g4-3)2~g3 _ g8 + ^ + 2g^-g8 
^ ' 2.2 ""4 4 

= ig3«A. 
23. ••• «=i(7 + 8 + 9)==12, .-. A = a/(12.6.4.3)- 26-88. 

24.8ini^«Aein«-^^=_l_, ... i? . 46° and C/= 76^; 

.-. A^^C=ia*smC^«iA/3^/2.^^^?±i=:4(3 

jJ6. A«i20.20.i^/3« 100^/3 = 100x1-732 « 173-2. 

26. Area of first triangle = i . 3 . 12 . i = 9. Hence, if a?«hyp. reqd., 
by (3), p. 109, i^^^^ . -^. 1 « 9, .-. aJ' = 36, .-. ar « 6. 

27. By Euc. I. 34, reqd. area = 2 . \ah sino = aisino. 

28. By expression just found, areas are as 

20 . 30 . sin 60° : 30 . 40 . sin 120° = 20 . 30 : 30 . 40 = 1 : 2. 

29. 1^6* d be cut at intersection of diagonals into the parts «, r, and eP 
into ar, y. Then, remembering (2), p. 60, area of the quadrilateral 
^ \ {ux -k- XV -^vy + yu)sma ^ i (M + t;)(x + y) sino « irftf'sina. 

30. Suppose CD drawn, in fig. 2, p. 73, bisecting BB* at right angles. 
Then, evidently, A Ci)5 = A CZ)^', and .-. aCAB + aCAJB* ^ 
2aCAJ)^ AB.DC^b C08 A. b sin A. 

31. In fig. p. 110, AO - Oi^cosecM = — — — - be sin A ^ ^ 

28 . sin \A 2s . sin \A 

32. •■• ? j ^Ri .•.a=2J2sin^. Similarly, *-2i? sin 5, g«2J?sina 

z sin ^ 
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CHAPTER XIX. 

1. Beqd. circmnf. « 2ir . 2 ft. = 3-1416 x 4 ft. « 12-6664 ft. 

2. Area of circus « ir . 36« sq. yds. ; area of inner ring «» . 21« sq. yds. ; 
.*. area of accommodation = » (352—212) eq. yds. « 

»(35 + 21)(36-21) sq. yda.^s^xo6x 14 sq. yds. -2464 sq. yds. : 
•. reqd. no. = i of 2464 - 1232. 

3. Let -8 be radius ; then 1 = 25 sin ^ir « 2J? x -J— -/(S- V6), 
(p.61,Ex.41);.^i^^— /g-— ^^^^(^-hVo)^ ./5^4^\ 

f . 1+COS— 2C082 — 

4. 2/=a(cosec^ + cot-^) =» ?^ «« ili « 2/. 

Sin — 2 sin — cos — 

n 2m 2» 

5. Area « wr* = J . 2irr . r = |^ circumf . x rad. 

6. Area « iir (2r)2 « i of 3-1416 x (2r)3 « (diameter)^ x -7854. 

7. Area = ^dr^ « ^x ar = ^r .arc. [i?ee (2), p. 115.] 

8. Area of segpnent s that of sector — that of triangle between chord 
and radii to its extremities = h^r^—^*" . rsin » ir- (0— sin0). 

9. On making the figure, it is evident that, R^ r being the radii, and 
t the tangent, fi ^ £^—f^. Evidently, area between circumferences 

10. If p be radius of circle, area of inscribed x area of circumscribed 
equilateral triangle = a^^sin 120° x 3p3tan60** « i,y. 

Also, (area of hexagon/^ » {Zf^sin 6^y « ^p*. 

11. Let a, /By 7 be the sides of pentagon, hexagon, and decagon respec- 
tively, and p radius ; then jS^ + 7^ » (2p sin Jir)"^ + (2p sin i\jir)* « 

12. Suppose a the angle subtended at centre by the side a ; then 
radius « ma ; .*. a » 2ma sin }a, .'. cos a » 1 — 2 sin^-^a » 1 



2w2-l . _, 2m« *"*"* 

*■ — : — A — f • • sec ft ^ — — T — - . 

13. Let X and a; + 1 be required numbers. By Euc. i. 32, Oor. 1, 
2ar.90°-360° 2 (a? + 1 ) 90° - 360° .0 . 45^-90 _ 4 5«- 45 , 

X flJ+l X X+l 

.•. 46 (««—«- 2) « 46««-46a?— a>*-a?, .*. «* + a;--90 = 0, .-. a?«9 
and x + l s 10. 
1 1, Let p, p' be the radii ; then, by question, ^p = 2irp', . • . p : p' «» 3 : 1 . 
Let A be no. of degrees reqd., and the corresponding circ. meas. ; 

then 9 - £. , 3, .-. ^ : 3 - 180» : ,. .-. ^ - t""" 13 „ 2^0200: 

p T I0O9 

= 171° 53' 14". 
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15. The three radii are as 1« : 2i : l| + 2i « 10 : 16 : 26 - 2 : 3 : 6. 
Let them he 2p, 3p, 6p respectively ; then the areas are as 

IT , V : IT . V : IT . 25p2 « 4 : 9 : 25. 

16. Let X » no. of sides, and p radius of circle ; then, hy question, 

i»p«8in?^:xp«tan— -3:4, .-. 2sinH2L « 3 tan— , 

'^ X '^ X X X 

.•. 4 sin —COS* — = 3 sin—, .«. cos — - -^ = cos ~, .'. a? « 6, 
XX X X 2 

CHAPTER XX. 
sin flt 8 



V(l-sin2a) '/(l-««) 
1 1 



1. tana » 

2. coseca - . 

V (1 - cos^ a) V (1 — c") 

« _ , coaa^. , cot a « t _ ^(<*-*-l) — ^ 

3. verso^l — ; — sma — 1 j-. — rr**l 775 — tt™ — TTSTTT 

sma >/(coto+l) '/(^^-i-l) V(<«+1) 

4. If a — cos-*ir, or cos a^x, then seco « : — , or a — sec'^ — . 

5. If a =» sin-*a?, or sin a = re, then cos a = '/(I— «*), or 

a — cos->'v/(l— a:'). 

6. If a s cot-* « or cot a = a?, then cosec a = V(«* + 1), or 

a = cosec-* V(j^+l). 

7. Let a — sec-* a:, or sec a «- ar, then tana — V{3^— 1). 

8. Let a-tan-*— , or tano« — , then aseco = «-/(-=- + ^) 

9. Let a — sin-* — -, or sin a « — , then acoso — a y/ll - -3 ) 

10. Let a»sm-*-/[i(l-ar)], or sino «^/[i (l-a:)l, then 

cos 2a = l-2.i(l-ar) = ar, or 2a = cos-*a:. 

11. Let a-8in-*;r, orsina«»a;; then sin 2o=« 2 sin a cos a =2*^/(1— a;*). 

. a 

12. Let a - tan-*y-, or tana « ^^; cos2a - 1-2 ?^cos«a« 

j_^an««^ . l-tan«a a ^ a^ ^^ ^ ^ coB'^^Lnl. 

tan»o+l l + tan^ci ^^x^ a+x a-^x 

a 

13. 2tan-*4-tan-*?^«tan-*i-cot-*t. 

14. 2tan-*t-tan-*f^-tan-*J^; .-. tan-*|- itaa-* V, 
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16, 8incot-*a;«Bmcosec-iV(!B2+l) « —-4 — ^,, and 

.16. / - 30« + 46° = ;. 17. Let o « tan-i <i, /3 - tan-* <„ then 

tan (a+iB) = >n« + tan^ ^ ^i + '^g, 
1 — tanatan/3 .1 — ^i^s 

2 + A/3— ^ 

18./=tan-i v^ -ten-i^+l^^tan-il-?. 

l + (2+-v/3)-l- 2 + 2^/3 

v3 

19. /« tan-i| + tan-if = tan-i -i±l-« tan-iff - tan-i^* - ^. 

20. /- tantan-i ^\^ - tan tan-i 1 « /. 

21. /- cottan-i r^^p^ = cot tan-i (-1) « cot cot-» (-1) = /. 

23. 8in-4 + 8in- »A = 8m-iK^/(l-^»^)+^A/(l-«)l 

- Bin-J [^. « + ^\.i] - Bin-iff « co8-f ^[l-(en - coB-i « 
SB Jx— Bin-^ ^f ; transposing,/ = ^. 

24./=tan-» l±L. + tan-i-i±i--tan-t« + ten-iH 

« tan-i "^^-^^ « tan-i 1 = iir. 
25./-tan(3tan-iic) - tan f tan-ia; + tan-»-^j 

a6./-taiitan->j-^- j^; and ; - 2tantan-' ^±^- 
- ir(l+x') 2x . . f_, 

27.Let«-sin->2^; co.. - ^(l-f ) - ^^^f^, 

... /— ±.i(l-co6.) — ffl- ^(^-^'"') ^ - I. 
20 \ J 
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28. Let « - 8in-i ?4^, then cos« - ^fc*2£) ; 

' 

a 2 2a ^ ^ 2a{ b 3 

-2aA(cosHC-sin2iC0]=A/[(a2+^2)_2aioos(ri = c. 
30, sin-i (tan ^v) = 8iii-i 1 or iir ; and tan sin-i--^ = tan^ir — 1. 

1 

« 

32. tan-i ^ =» = tan-iQ; a:*-! = 0, .-.aJ^il. 

«cot-ii=^=tan-i-^-2tan-ia; .'. 2tan-ia + 2tan-ii=. 
2a l-a^ 

2tan-ia;, /. tan-^a? — tan-i ^ ,., 3. « ^ 

\ — ab l — ab 

34. cot-* — r+ cot-» — - = tan-\ — — = tan-» - — j; 

x+l x—\ l-(ar+l)(x — 1) 2-a; 

1 ^x— r 2x 

and tan-* 3a;-cot-* — « tan-* " . .. = tan-* - — —3, 
.-. -?^ = -^^, .-. a? = 0, or 4i;2 =1, and a? = ± f. 

35. 8ec-*rt + 8ec-*— « cos-* — +co8-* — 

\aj) ax I 

X ax X ox 

.-. ««(«»-^) =- aS62 (a2-^, .-. ar - ± a*. 

36. C08-*(-ar)-c08-*a;=i COS-* [-a;'+l-a^] = 860-1 j-ij^ 

.-. (l)ar»-l =0, and a:-±l; (2) 2«2 + a>-l = 0, 
,«. a; S3 = « t or — 1. 
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CHAPTER XXL 

1. 4tan2o«3sec'a = 8(tan2o+l); .•. tan«a = 3; .•. tana «± a/3 
B tan -^ir or tan — Jir, .". a — nw±^, 

2. 4C082-4 « 3, .-. COB A « ±i V3 = cos 30° or cos 150% 
.•. A^2n. 180°±30° or 2« . 180°±150° =. n . 180°d=30°. 

3. cos ^ s a/2 cos ^ sin ui, .•. cos^ (>\/2 8in^ — 1) = 0; 

.-. (1) cos -4 = « cos 90°, .•. -4 - 2« . 180°d=90°«i» . 180° + 90° ; 

(2) sin ^ - -L « gin 45°, .-. -4 - « . 180° + (- 1)« 45°. 

4. 2-costf « a/3 sine, .*. 4-4cos0 + co8«a = 3sm«fl « 3(1-C082fl), 
.-. 4co8=»«-4co8« + l » 0, or (2co8e-l)"'' = 0, 

.-, eos^— i « cos^ir, .-. e « 2nir±\w. 

5. co82a + 4cos-e8in2e = 6sin2e, orcos«fl + 4co820(l-co8«e)-6(l-coB26), 
.'. 4 cos* e- 11 COS20 + 6 « 0, .-. cos^e'^ ^ (11± -v/25) = 2 (impos.) 
or f, .'. cos e = ±1^/3 ; .-. [as in 2] « «w±^. 

6. sece =s secir, .•. e =* 2«ir±ir, i.^. (2» + l)ir. 

7. cos*^ a « 1, cos a » d: 1 »cos or TT, o « 2»» or (2« + 1) t, i.e. «»• 

8. cota(cote+ a/3) « ; /. (1) cot d s= 0, 6 « «ir + iir ; 
(2) cot a ■» — a/3 « cot jir, = #nr-i-fx. 

9. sine « i(-6±A/9) «-ior ~2(impos.); .*. = wir+(-l)"}x. 

10. sin a (2 cos tf + 1) = ; .•. (1) sin tf « « sin 0, .•. $ ^ nw; 
(2) cosfl «-i = COS fir, .-. =« 2»Tr±|ir. 

11. 2 sin 2d cos d + sin 20 * 0, or sin 20 (2 cos 6 + 1) «= ; 
.-. (1) sin 26 = 0, .-. 20 » nir. (2) As (2) in 10. 

12. 2 COS 20 cos + CO820 =: 0, or cos 20 (2 cos + 1) » ; 

.-. (1) cos 20 « 0, '.-. 20 = 2nir±iit « mr + i-r, (2) As (2) in 10. 

13. 2co8f0cosiir-cos|0 =- 0, or co8|0 (2cosi0-l) « 0; 

(1) COS A0 = 0, .-. |0 = wir + iir[as (1) in 3]; 

(2) cosi0= i, .-. i0= 2«irdbiir. 

14. 2 cos 40 sin 30- sin 30 = 0, .-. sin 30 (2 cos 40- 1) » ; 

.-. (1) sin 30 » 0, 30 » nw; (2) cos40 » i, 40 » 2nir±iir. 

15. COS -7- + sin 0-— « i, or CO8(0— iir) «= i, 0-4ir -» 2ii»dkiir. 

Ar2 a/2 

16. sin0— r-+co8 0-7-— 1, or sin (0 + iir) = 1, + i» « 2fMr + Jir. 

v2 a/2 

17. 8in0^^-co80^=-^,orsin(0--iir) = -^^,0-.Jir«nir + (-l)»iir. 

18. CO8 i — sin0 — ^ly or co8(0 + iir) » 1, + iir = 2nT. 

19. t'in(iir + o)tan(iir + o) -3, .-. tan(iir + o) «±\/3, iw + o = 

30. 2coB(ft— 1) 0CO8 » COB0, or co80[2cos(n— 1)0— 1] K 0; 
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.-. (1) C08 0« 0, 0afiir + |ir; (J2) C08(«-l) ^ = i, (if-l)e- 
2nir±^ir. 

21. 8ectf=i[-2^2-l±y(9 + 4v'2-8V2)]«-v'2or-J(impos.); 
e « 2nx±|ir. 

22. cos 4a ->- cos 2a = cos 1 2a -(-cos 2a, .*. 2 sin 8a sin 4a » ; 
.*. (1) sin Sa as 0, .*. 8a *» fiir ; (2) sin 4a = 0, 4a = nir, 

23. cos a — sin a ~ 4 sin a (I — sin' a) = 4 sin^ a~ 3 sin a = — sin 3a ; 
.*. cos(iir-f 3a) = cos a, .'. iir + 3a = 2nir:ta. 

24. sina— co8a=2>/2 8inacosa='v/2sin2a, .*. 1— sin 2a=2sin2 2a, 
.-. 2 sin- 2a + sin 2a - 1 — 0, .*. 8in2a - i (— 1±^/9) = ^ or -1, 
.*. 2a = nir+ (—1)" ^ir or 2«ir— ^ir. 

CHAPTER XXII. 

1. Since 300° is in 4th gnad., in whic h the tangent is negative, 
tan 300° = - \^8qc^ 300° - 1 = - \/4 - 1 » - V 3. 

2. Since tan^ = tan(». 180° 4- -4), \/tan*-4 + l must give, for all 
values of w, sec (n . 180° -h -4). 

Geom. — But n . 180° + At whenw is even, gives one group of angles ; 
when n is odd. another; and (fig., p. 126) if A OP « A, the one 
group is hounded hy OA and OP, the other hy OA and 01^, The 
two groups are thus in vertically opposite quadrants ; and their 
secants therefore differ in sign. 
Analyt. — (1) If n he even, and s 2m suppose, then 

sec ^«. 1 80° -f^) «sec(m.360°-*-^) = sec-4. 
(2) If fi he odd, and » 2m + 1 suppose, then 
sec(».180°-i--4)=sec(m.360°+180° + ^)=sec(180°-Hui)=-sec-4. 

3. / - i\/2 + 2 cos ^ir = i\/2 + 2 . ^v^2-f2co8i; = I. 

4. / « 1^^2-2 008^* = i v2-2Tfv^2 + a/2 + a/2 = /. 

5. / « i A/2 + 2co8^gir - 4 \/2 + 2 . iv/2 -t- 2 cos ^ir « /. 

6. /= i\/2-2cos V,» - i^2-2 . i^/2-i- A/2-f vl^U 
7./«^iN/2 + 2co8T^ir-iy(2-H2^v/6Tv^) = /. 

8./=iA/2-2cos^«iV^2-2.iv/2-fA/H6+ -v/S)-/. 

9. Divide a revolution into eight semi-quadrants. Now the limits 
«» + iir and nw 4 ^», when n is even, emhrace the 2nd and 3rd 
semi -quads. ; when n is odd, the 6th and 7th. Here (fig., p. 41) 
FN>ON, and .*. sine > cosine. «»— i»and #iir + i», when » is 
oven, emhrace the 8th and 1st ; when « is odd, the 4th and 5th. 
Here ON>PN, and .*. cosine > sine. 

10. sin^— coBui Siv/2sin(^ — 45°) ; and, in $ipn, is -f-ve, when 
^ — 45° is hetween and 180°, and .*. when A is hetween 45° and 
226° ; ~ve, when A "461^ is hetween 180° and 360°, and .-. for ^ 
from 225° to 360°, and to 45°. 
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In magnittidey as A iiicrea8.e8 positively, it » when A — 46'', 
increases to 1 when A =» Ido"^, decreases to when A « 225% in- 
creases to — 1 when A » 315°, decreases to Q at 405°. 

n. ^ . .J 8iD*-4 + C08^-4 2 . „ e% A J • • 

, tan-4 + cot-4 •= — ; — -— = -: a2 cosec 2-4 ; and, %n atgn. 

sin ^ COS ^ sin 2-4 
is +ve, when 2 A is between and 180°, and .*. when -4 is between 
and 90° ; — ve, when 2 A is between 180° and 360°, and .*. when 
A is between 90° and 180°. 

In magnitude y as A increases positively, it « oo when ^ s 0, 
decreases to 1 when A = 45°, increases to oo when A = 90°, de- 
creases to — I when A = 136°, increases to oo when A = 180°. 

The variation when A is in 3rd and 4th quads, repeats the above. 

12. cosl5°>sinl5° and +ve, .-. sin 15° + cosl5° = -v/(l -h sin 30°) « 
-/(l + i; = >/¥ ; and sin 15° -cos 16° «->v/(l -sin 30°) =--/*• 

Adding, 2 sin 16° = ^^ ~ \ .-. sin 16° - -^-" -• 

13. sin 76° > cos 75° and + ve, .•. 76° + cos 75° =v^(l +8in ISC'") 
= V^l, and sin 75° - cos 75° - y/{l - sin 30°) - -y/t- Adding, 

2 sin 76° = ^^, .-.sin 75° = ^^. ^ 

14. 8in(-105°)>cos(-106°) and-ve, .-. sin (-105°)+ cos (-105°) 
V'[l+sin(-2l'0°)]^ ^(1 + |) = :L5Z2, and 

Bin(-106°)-coB(-105°) «--v/[l-sin(-210°)] - — i-. Add 



and divide, sin (— 106°) 



-\/3-l 



V^2 



2v^2 

15. cos (- 165°) > sin (-165°) and -ve, .-. sin (-165°) + cos (-165°) 
„-y[l + 8in(-330°)]--v/f, and sin (-165°) -cos (- 165^) 
-VTl-S"i(-330°)] -v^i. Add and divide, sin (-166°) = 
- v/3 + 1 

2v/2 '; 

16. cos (-16°) > sin (-16°) and +ve, .-. sin (-16°) + cos (-16°) « 
V^[l + sin ( - 30°)] «y(l-i) =yi, and sin (-16°) -cos (-16°) 
- - -v/Ll - sin ( - 30°)] « - ^(1 + 1) - _ y^ J. Subtract and divide, 

coa(-150)=i±^. 

17. sm(-76°)>cos(-75°) and -ve, .-. sin (-76°)+ cos (-76°) 
„_y[l+8in(-150°)j «-y/(l-i) =-v/i, and 
8iii(-75°j-cos(-7d^) -- v/[l-Bin(- 150°)] =- v^^l + i) - 

-V'i- Subt. and div., cos (-76°) » ~^'*'}/^ 

18. sin 105° >cosl06' and + ve, .-. sin 106° + cos 105° -^'(l +sin 210°) 
«-v/(l-i) = \f and sin 106°-co8 105° « ^(l-8in210°) « 
^(1 + i) » v^J. Subt. and div., cos 106° « ^^^^^ 



1 
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19. COB 166® >8m 166° and - ve, .-. sin 165° + cos 166° - 

-V{l + Bin330°)«-V(l-i) = ^, and sin 166° -cos 165° 

- V(l -sin 330°) - V(l +i) = v^f. Subt. and div., cos 16o° = 

20. cos 9° > sin 9° and +ve, .\ 8in9° + co89° « >v/(l + Mnl8°) « 
-v/[l+i(Vo-l)]=^A/(3+A/6),and8in9°-co89°=-V(l-8inl8°) 

- --v/[l-i (>/6-l)] =» -i a/(5- V5). Add and divide, 
sin 9° « i [ >v/(3 + V6) - V(6 - V6)]. 

21. M 18 between 90° and 135°, .-. sin 4^ > cos M and +ve, 
.'. 8ini^ + cosl-4 = A/(l+8in^) =Vf, and 8in|-4-cosM = 

v'Cl - sin^) - Vf - A . Subtract and divide, cos M = -^^^^ 
^10 • 



EXAMINATION PAPERS. 

I. 

1. 25°-26' « 26°- T% 26° - ^ 26° = 2|°. 26°-25' = ^ 26'- 25' = 
^26^=. 24'. 

2. Bince a right angle in the respective measures = 90° = 100' = 4ir 
.-. G:D^ 100 : 90 = 10 : 9, and G ; 20C7« 100 : 20iir = 10 : ir ; 

.*. — =s — and also — — . 
10 9 ' IT 

3. 3 (sin2^^ + cos2^u4) « 3 x 1 = 3. 

4. 2-i>= 1 + 1-tf =s= 1+cos^, .-. sin*^ = l-co82^ = 

(l-co8-4){l+cos^) = f;(2-t;), .\f=l. 

5. In fig., p. 17, lei A^ B ^ 46° (Euc. i. 32) ; then AC ^ BC 

BC 
(Euc I. 6); .'. "^ss 1, or tan-4 =.cot^« U 

6. cover8(90®-^) « l-ain(90°--4) = l-3os^ - vers -4. 

II. 

1. vertical angle - 2 (90°-87° 16' 13"-96) =2x2° 44' 46"-06 

= 6°29'32"1 « 6° 49226 - J# of 6'-49225 = 6'-1025 ^ 6' 10^ 25", 

30 1 

2. OircmeaB. of angle - ^bVu " lo' ^^ i» • A •• ^O"* : required 

^^ 3-1416x10 31-416 "^ ' 

F 
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3./«lxl, and ;«*1; .-./-/. 

4. Constructing as on p. 22, BA^BC^ 2BJ), .*. ^ ^ 2, 

.-. sec 60*» « 2. -^^ 

K/ n^^3\^M a/3\ 1 + v^3 ^, 2 l + V? , 

^••^"U^-rJ-^l"- 2-]^ — 2-"r3v3-rr:78*'- 

6. In fig. on p. 22, let BA « u^C » n, and ^Dbe/^ ; then 2AD ^ 
BAs/Z, .'. ^ - :^, or sin5 - ^ - sin60^ .-. 2?-(7-60^ 

ni. 

1. Angle=-360**-Jf .360*»=-360°-312°«-672^ For circmeas., 
90°: -672°«JL: _1Lii672^_56^^ ^'^^^^^^^ 11-72864. 

2 2x90 15 16 

2. ^ ■■ vers -4 (1=008-4) := (l—coS-4)(l + cos-4) — 1— cos*^ =/. 

3. cotui = -i, .-. co8ec^=yfl + -^)-vli^±A .-. onui- 



4. /=sin3(t (1-001^ i9)+cos«a(l-8in«/3) + sin«oCos«i3 + cos'a8m»/8 

« sin'o + cos^a = 1. 

5. tan(^ + -B)='v/3=tan60% .-. ^ + 5=60**; similarly, ^- IT »30^ 
Adding, 2^ = 90°; subtracting, 25=30°; .-. ^ « 46°, 5 « 16°. 

6. Let Ay B (fig. 30) be the two objects, i>, the suocessive points ot 
observation; reqd. AB, Given C2>=200yds., -42)C = 67** SC, 
^2>5=7°30';.-.5i>C=60°. l^ow^C7=(7i)tan^i>(7=CDx 2-414, 
and BC^CBtan 60° = CD x 1-782, .-. w4-B - CJ) (2-414-1-732) 
» 200 yds. X -682 - 136-4 yds. 

IV. 

1. A straight line is the shortest distance between two points ; there- 
fore, if ^, 5 be joined in fig. of Art. 7, arc AB > chord AB. Now 
let C= 60°; then (Euc. i. 82) the triangle ^5C would be e^ui- 
ang^ular, and .*. chord AB « AO «= radius; .*. arc AB>ndi\iB; 
.-. angle >unit of circ. meas. ; or 60° > unit of circ. meas. 

2, sin' e =« jp*— 2pq + q-, 4pq » cos» ; 

.-. 1 = sin«e + cos«e = ^ + 2py + ^»«(;» + ^)«; .\f^L 

Q f 8»Ti»i< sin'jg - cos^^ coB^J? ^ sin»^ (1 - C08»jg) - (1 - 8in»^)cos»i? 
* cos' .4 008^5 COS? A coe^B 

4. Let AfBlie the acute angles, and B>A, Then complement of B 
» ^, comp. of 90° — ; .-. 0, A, and OO"*-^ are in A, P. ; 

.-. 2A - + 90°-- 4; .-. A - 30°, .-. B - 60°. 

5. Divide 1st by 2nd eq. ; then cos .^>- --^oob.E; •*. coi^A^^ooifiB, 
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and 8m*^»2 8in>^. Adding, 1 ^fcos^j? + 2sin>^ » -f oofi>^ + 2, 
v'3 :, . ^ a/2 V3 1 



.*. COB J----, and oobA ■■ -7- . — - 
2 V3 2 



^/2' 



.-. J-30^-4-46^ 



6. In fig. (8), let BC, DA be the towers. Given FBD (^BDE) - 30°, 
i>J?-30ydfl., ^(7=100ydfl. Now jB-&=i>-Stan30**«30yd8. x■-i- 
- lOA/Syds. - l7-32ydfl. ; .-. ^2)=C^=100ydfl.-l7-32yda. « 
82-68 yds. 

V. 

1, BadioB of equator ■■ 4000 m. ; .*. required angle in circ. meas. » 

1309, 31416 ^1 and in degrees, &c. » 1?^? . 180! « 
4000 4000 X 24 43 '^^ *""*** » » 4000 » 

180° 18000^^3,^^,^ 



1309 



4000 3-1416 4x24 

2 ^_^ l~tan»^tan».g cos* ^ cos^ B ^ cos* ^ co8» B - sin' ^ sin^ B 

■' ** tan* -4 tan* B ' co^A cos- -ff * sin^ A smiB 

^ co8*^(l-Bin*^)-(l~co8*^)sin*J _^ 

sin*^6in*^ 

3. Squaring (1), 8in*a + 2 sina sin /3 + sin* )3 « 2 ; from (2), 4 sin a sin/3 
«2; subtracting, (sina— sin iS}* •- 0, .*. sin a » sin /3; and from 

(2), Bin*a - i, :•. sino - -i^, and a - iir « /3. 

4. tan*fl+l-2tan«, .-. (tantf-l)» - 0, .-. tanO - 1, .-. tf = ir; 



.'. Bin9 + cos9» 



+ 



4-»V2. 



a/2 ' a/2 

5, Bemembering that ^$ varies from to ir, while $ varies from to 
2ir ; we have simply to trace 2 cosec ^0 tiirough the first two quad- 
rants, in which it is +ve. Kow, in fig. of Art. 45, cosec ul » —^ 
and r does not vary. Sf 



between 
Oandiir 

increasing r 

00 decreasing 2 

6. In ^g. (31), take C^ J), M&b Calais, Dover, and Hastings; then 

CD - 13 -v/3 m., DS - 39 m., Z CDM - 56i° + 33 J° « 90% 

Ci> 13^/3 1 „ „^« 

- -^, .-. if- 30% 



When i9 is 

y is 
.'. 2 cosec i9 is 



between 
^ir and ir 

decreasing 

increasing 





CO 



.*. tan jo's ^ „ ^^ . , 

DH 39 a/3 

.-. CffS - 66i*-30° « 26i^ 

VL 



1, Let {n—ay* and x® be required parts ; then 60 (n^x) ^ Ji^ x 100 ; 
.'. 64 {n-x) « IOOj?, .-. x = ^n — ffn, and ft— a; -t f^n. 

2, V Beo*0-tan*a-l, .-. (seo^0-tan*0)*- 1; squaring, &o.,/-;. 



c--^ 
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3. 2o^ + 92^«cos?a+cos«(90*»-tf) = cos«a+sixi«e-i, 

4. In fig- to Art. 46, tan-4 = — -^ sin^ «« —— . Now, as A yaries, 

OJV is always less than OP in the right-angled triangle P02f, unless 
tiiey coincide, which happens when A -^ n, ISO**, .*. tan^ >sin^y 
unless A ^ n , 180°. 

OP py 

In same fig., aeoA — -rt^ tan^ « — —, and OP is always >PBr, 

except when they coincide, which happens when A^n. 180**+ 90% 
.•. sec-4 >tan^, except A^n, 180° > 90°. 

6. sin 160° = sin (180°- 160°) « sin 30° = *. 

860 686° = sec (586°- 360°) = sec 226° « sec (180° + 45°) 

= -sec46°«-A/2. 
cot-*jfir = Cot(4ir— ^ir) — oot(— ^ir) = — cot^ip =* — VS. 

6. Taking fig. (32), OCA is a right-angled triangle (Eac. in. 18) ; and 
.-. ^^C= 60° and 3A = £0, .•. ^^C7is equilateral; 

.-. OC^CAtan 30° = t-^, and BC ^ CA » t. 

VII. 
1 ^^ tan^ — sin^ cos^ sin ^— sin ^ coaA ^ i^amA and 
tan^ cos^ sin^ 

, cosec-4— cot-4 8in-4 •» ^^„ j . ^ ? 
«— ; — - = 1— cos-4; .•./«;. 

cosec A em A 
g^^^8in»j^oo^^^g^^^^^^^sin^g + 2sin«tfco8«a + coB*» 
oostf sin0 cos sin 9 

(sin2 fl + cos^ fl)' sin'^ + cos'a sin a . cosO , 
COS sin 9 cos sin cos sin 

3. By hypothesis, , .\ . -^^^ sec«^-tan«4> - 1. 

.».i?I^^ .\ -1; .-. «2tan»jff-l-n«sin«^ or 
sin^^ «2sm2^ ' 

fi«<8ec3JJ-l) = l-n»(l-oos»ui), .•. fj^gec^Jff = l + n«oo8«-4, 
•. cos*^ « &c. 

4. '6 a= sin 30° s= sin 160° ; adding +ve and — ve reyolutions, by 
Art. 68, we get from 160°, -210°, -670°, 610°; and from: 30°, 
-330°, -690°, 390°, 760°. 

5. Let (fig. 33) AOS » 2A, AB being an arc of centre ; draw BC 
perp. to OA.aad ODUaeciingAOB, Then, AB >BC, •.• -4C®=90° 

and is therefore >BAC, .-. 2AJ)>BQ, .-. 2^=^ >^, m. >:?£. 

6. tan(90o + -4) «-cot4(Art.60), .-./= 1-tan^cot^ = 1-1 = 0. 
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7. /= (coi»c^-l)-(8ec«^-l) = ^.j^-jjP2 "^ -5^^^ 

8. / = C08-4 COS 2-4 + siii^ sin 2-4 — (sin-i cos 2-4 + cos-4 sin 2-4) 
= cos (2^-^)-sin {A + 2A) = /, 

vni. 

1, 1309V2°24' = ^(3-1416') +2f » A»* + ^** = Sfop^^fP^i^ 

Q /_coij_co^.sin0_co8g pine 1 — sin^^ 

sine sine cos 8 sin a cose sine 

^ co8«e + 8in8e L.+Biiie = cosece sec e-cosece + sine = I. 

sin e cos e sin 9 

3. 1 = cosec«e-cot2e = ^^- /\ , ; .'. m2cos3-4 - w8sin«^-»-', 
.-. w2sin»^ = in«cos2^ + «2, .'./=/. 

*• °^®*^ ^ 2:73 2-V/3 2 V3 

or|^.-^orl; .• . e « iir or |x or ix. 

2nV(l-»^ ^ sin 2^ ^ 2 sin^ cos^ ^ 2 sin^ a/(1 - sin^.^ ) . 
^' l-2«« '°cos2^ l-2sin2-4 " l-28in«^ ' 

.«. sin-4 =s «, "by inspection. 

sin (jir 4- e) cos (jir- e) - cos (jir + e) sin f jy- e) 
*• " sin (iir + e) cos (iir-e) +C08 {iir + e) sin (iir-e) 
^ sin(iir + e-iyfe) ^ sin2e ^ - 
** sin(iir + e + iir-e) sin^T 
7 2/«sin2^ — sin2-B + sin25-sin2(7+sin2C-sin2-4 = 0. 
8*/= 2 8in(^ + 5)co8 2^sec2J5 = 2sin(^ + -8) = 
2 sin {A + B) sin (-4 --5) cosec (-4 - 5) = (cos 2B - cos 2-4) coBec(u4 - JB), 

IX. 

1 cos«-4 + 2 C08-4 cosJ + cos^^ « i (4 + 2 V3), and 4 C08-4 cos J? — 
' i(4-v/3); .-. co8=-4-2cos-4cos-B + cos3.B =i(4-.2>v/3); 
.-. C08-4-C08J = i(l — a/3). Adding, &c.,cos-4 + coaB = i(l + V8), 
2C08-4 - 1, 2 cos-B = a/3, .-. ^ = 60^ £ = 30^ 

2./«8ine+?i5!«+cose + ^-sece 
•• "^ cos e sin e 

.aiii«+?5?!»+52!»+coe«-«eo« 
sin e cos e 

^ 8u^e+co^^^!e+co8«e_^g ^^j^^^^g^^_^^ 

sin e cos e 



V(co«?»+I)-y(?^+l)-y5-A 
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4. Zcot35°20'= 10 + log 775-9"' *" 10 -log tan 36** 20' 

= 10-(Ztan36°20'-10) = 20-9-850593 = 10-U9407* 

5. / = cos 9° + sin (90 + 9°) - (sin 39® + sin 21**) 

« cos 9° + cos 9° - 2 sin 30° cos 9° 

= cos 9° - cos ^9*' X i#) = cos 10' = sin 90'. 

6. Let X » reqd. base ; then, if » be any logarithm to base 10, 

10" = a;2», .-. a? - 10, .-. x « -v^lO = 3-162. 

7. 9-68472 « / tana? ^ o^ 60" = ^" « 13", 
9-68465 « X tan 25° 49' x « 25° 49' 13". 

7 

8. k (log 2 + log sec -4) = -log 5 + ^ (log co8«5— log sin C), 
.\3log2 + 3(/.becu4-l0) = -61og5 + 2[2(icos^-10)-(XsmC-10)], 

.-. 3 log 2 + 3Zsec-4 « 4X coaB-2X sinC+ 10-6 log 6. 

XIII. 



,0. 



1. While A is between and 180°, ZA must be between and 640 
and sin 3^ =s i = sin 30° « sin 150° ; also sin 30° = sin 390^, and 
sin 160° = sin 510°, .-. A =^ 10°, 50°, 130°, or 170°. 

2. (l)/=^8in(iir-JP)-^sinQ=2sini(iir-P+Q)cosi(iir-P-Q)=/, 
(2) /= sin(i,r-P)-sinQ« 2cosi(i»-P+Q)8ini(iir-P-Q)«;. 

3. -1-8753145 = 2-1246865 -1246998 

•12 46672 '12 46672 

183 326 

m=^ nearly =« •656 nearly, .-. reqd. no. =« •013326666. 

4. 2 — 2 co9^ sin^ sin (^ +3) + 2 sin^ cos^ Bin(ul +^) 

— 2 sin^ sinB cos {A + B) 
= 9mA [edn (A + B) coaS— cos (^ + B) sinJ] 

+ 8in8[8in {A + B) cos^ — cos {A + B) sin^] 

+ sin [A + -B;(8inu4 cos^ + cos-4 sinB) 
= 8in^.sin^-t-sinj?.sin^ + 8in(^ + ^).sin(^ + ^) =/. 

5. Diflf. for 60" « -61972 --61936 = 36 ; f|^ of 36 - 31, 
.•. Zcot67°2;i'62" =- 9-6J972-31 = 9-61941, 

.-. log cot 67° 23' 52" =» 1-61941. 

a f _ 1 ( / si^ ^ sin CT sin^ \ / sin C t^nA finS X \ 

1 Vsin^ sia^ sin^/\8UDL8 sin^ bulBJ f 

I i [ b ^e a\l a b\\ 1 (b + e^a c + a--b\ 

^^\\i^a'a)\b^b"b)f^^[—i b~) 

^ 2(»-g).2(g-&) _ (s-a^s—b) _^ - 

4ab ab 

7. -78329 ^78329 

•78313 ^78321 ^ of 60" = 30^', •'. » - 62° 37' 30^ 

16 8 
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8. Soppom the Is are A and Bf then a, h are the sides, 1-7403627 

i„a??B4, ...log* = log« + Z8iiLB-2Bm^, J1Z64927 

^ = log 79-063 ":7}68664 

.-. h = 79-063. ^^^^^"^^ 

X-8979775 

XIV. 

1. Expression » 1 + cos 29 + cos^ 20- (1 + cos 29) cos 20 s 1. 

2. In fig. to Art. 68, suppose PON « 46'*--4, then 
OFN - 90**- (46**-^) =. 46° + ^ ; 

.-. ten(46--^)tan(46« + ^) =^.^- l. 

3. y- 2sin«i^-2sin8i-B-l-.cos^-(l-co8-B) = cos5-coB^ 

^,A'\'B>Cy .-. 8inH^ + -B)>siniC7, or 

sin \A cos \B + cos ^Ji sin \B > sin ^(7; hut cos \B, cos J-4 are pro- 
per fractions, .-. dfortioriy sin f^ + sin i^ > sin iC7. 

5. /— co8'a + cos^iS— [cos (o + i8) +cos (a— j8)] cos« 

= cos-' a + cos' fi — cos (a - 0) cos (o + j3) - cos' » 

» coB«a + cos'/8— (cos'o— sin'iS) — cos'w 
= l-cos'« « /. 

6. 3786924 

3786802 m of 10" == 2"; .-. reqd. Z = 67^ 18' 32". 
122 

7. cos5 «£,....--£- 1-83618 11 - .68 

e' cosB 1-78342 

.•.log<>«loga-(Zcos-B-10) 2-06176 

= 2-06176, -05164 

.*. e = 112-668. "■ 22 

ft «in >l - « «in^- 1^ -^^S 669804 669663 

8. 8UL4-.--sinC7---.— 669488 669488 

3a/3 _ 3f 316 66 

"" 14 "* 14 VA 0^ 60" - 13" nearly, 

.'. X sin^ - J log 3 -log 14 + 10 A^ 21° 47' 13". 

» 10-715681 -1-146128 ^ 9-669663. 

XV. 

1. Bing^cosecO » . ^ -— » - ^^r--r-> cosO— 8eoO = - ==-2s 

sin 9 sin 9 cos 9 

.•./-*^.^+a+»in29)(l-Bm29) 
•^ sin'9 cos'9 ' 

»ain>29 + l-BinS29-il. 
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2./= (8in'a + co8«e)(8m'»a-8iii2eco8»e + cos*fl)+38in«floo8«« 
« sin* + 2 8iii2 e C08' 9 + cos* fl = (sin* + cos' 8)» — 1. 

3. 9359018 9368921 ^ of 10" « 2"-18, 
9358894 9358894 A = 69° 37'42"-18. 

124 27 

-- ,i.9i.!joj^ tan' a— tan* 3 

4 /« 1- tan* a tan' 3+-: — ^. . , r: 

^* •' sin (o + fi) sm (o- 3) 

, / 9 1 \ / 9 A 1 \ . tan' a - tan' /3 
a l-(Bec'o-l)(seo'3-l) + -T-5 r-s-r 

I 

«.l-8ec'asec'3 + 8ec'a + 8ec?i3-l+— z :ri " ^ 

cos' a cos' fi 

6. /-28ini{a + 0)rco8i(a-i3)-cosi(a + )3 + 27)] 

-8ino + 8in/8-[sin(o + 3 + 7)-8«i7j -/• 

0i + fl A « i. ^ ^ cos-4 + 1 2 cos' \A 

* a a a bulA 2sm|^cost'a 



cosi.^ 



.•./=^ 



sin^^' 

7 a2 -. c«-A' - {e + b)(c-b) = 89168 x 23686, 

.'. loga = i (log 89168+ log 23686) « 4-66236, .*. a - 45966. 

8 Complete the parallelogram AD on AB, AC; join -42) meeting^ 
5Cin £, u4^ is bisector. Now ACD = 180**-^, and AD^2AI!, 

\ (2^-e)'« AC'^+CJ>^-2AC . CD cos ACD «*'+<?' + 2*tf cos -4, 

9, Suppose 0' (fig. 32) centre of inscribed circle and p its radius, 
p«0'uisin^-(0^-r-p)8in^- (s'i^"'*'"^) "^^' 
.-. p(l+8m^) = r(l-8in^), .-. P" i^-ain.^ 

10 ff « 900, »-a « 400, »-* « 300, «-<? = 200, 

'a' = 900 X 400 X 300 x 200 = 3S . 2» . 10«, 

2 loK A - 3 log 3 + 3 log 2 + 8 « 10-33445, .-. log A - 6-167226, 

20*5 
diff. for 1 = 30, pro. pt. = 20-5, ^ = -683, 

.-. A* 146968-3 sq. links « 1 ac. 4 sq. oh. 6968-3 sq. links. 

XYI. 
^ 868° _ 8-1416 X 868 

1. Forreqd. circ. me., 180 : ^qq^qq^qq-'' ' *" loo x 60 x 60 x 180 

„ j30 9 X 143 ^ .0000416 nearly. If a: - reqd. dist. of suninm., 
4500000000 

4250 ^ .0000416, .-. X - -t^^tTa "^ 96»000,000 about, 
/p -0000416 

2 lojr(!J^4)«^=log («W = iJ,i (-log 3) =. -^ 6-37297736 -T-6270226. 
= log -00000042366. 
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3. ••• -4+^=180°-C«90°, .-. i(^ + 5)=46^ .-. coti(-4+2)=l, 

• • cotM + coti^ " ^' ../-*. 

4. 4/=2 (cos40°-co8 60"*) cob 20° = cob 60*» + cob 20'*-2 x'i cob 20°=i. 

5. 21ogtan^ s log'96386 »T-9840140, .'. Zt&nA » 99920070; 
.-. pro. part - 20070-19143 - 927 ; and -f^j of 60" = 22", 

.*. A «» 44** 28' 22" 
A g/sin^ BiniU + J) \ J / 8mi(^-t-.g) 8in.g \ 
\cos^ cos i (-4 + -B) / \cos i (-4 + £) cos ^ / 

.'. a [sin ^ cos ^ CA + -B) — cos -4 sin ^ (-4 + -B)] cos B 

« * [sin ^ (i. + ^) cos -B— cosi (^ + ^) sin^] oos^, 
.•. asini (!4— ^)cos^ «* ^sini (^— ^)cos^, ,\f^L 

7. BxpresBion- -L_ sin ^ + ^?5i:^^2*^jti = tan^i+tan J+tanC, 

cos A cot c? 

which is Bymmetrioal with respect to A, B, and C, 

8. lOAE^W^C, lOBD^W-C, .-. Q^ « . ^^. „ " -^, 

amOAJB cosC" 

and 02) » (>^sin O^i) » jBOcob (7, .*. AO,OJ) ^BO. OB; 
and similarly » CO . OJF*. 

9. Let (7»120% and3-4a. Then sin J- A sin ^=» 4 sin (120°+^) 

-4(i'%/3co8-B-i8in-B), ,\cotB^\^/S, Similarly cot-4= 3 V3« 

10. Constructing as in fig. 34, let DB=*ip, CB^h, 2)^J5-i)^J5-16° ; 
then a circle will go round ABED ; .\ h {h + x) =s ab; 

h + x h X 

.'. tanBAB ^ teaitCAE-CAI)) - \,,^ " -^, 

^ ' , h(h-^x) - b 

.-. «-(a+*)tanl6°-&c. ^'*""^ — ^"^"i 

xvn. 

2f*9 20 
1, Let 0»oirc.mea0. reqd.; thenarc^rtf, ,•. —■■ — - « 3— ^/5, 

.-. ^(-•6-l)-6-2>/6 - (a/6-1)«, .-. = ^/6-1. 

*• ^/(l-sin^e) 13 • ^/(l-^) 13 • a/144 12* 

tan 20 a 2 X — x ■■ — x -. - = : — . 

12 l-T*^ 6 119 119 

3. Make xOF^ A of any magnitude (fig. 36), and yOP' »^A; then 
xOJP" - 90°-^. Making O-P* OF, the triangles yC^Pand «0P' 
are equal in all respects, having FN ^ ON* in magnitude. These 
also have the same siga ; for *.' the angles xOF and yOF* are equal 
in magnitude, when F is above xO, F" is always to the right of yO, 
and when below, to the left. Therefore in magnitude and sign 
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4, By Arith. Prog., 4 sec (fir + e) » 2 sec + 2 sec ({«- 9)» 

.*. 4 cos acos (j^T— fl)=:2 cos (|ir + e) cos (|ir-e) f 2cos (fir + ff)co« tf, 
.'. 2cos|ir + 2cos(|ir— 26) « oo8*ir + oos26 + cos(jT + 2fl) + coflfw, 
.-. 2 cos hw -20) =2 cos (^T + 2dj cos ^ir = cos (-Jir + 20) 

- -cos (|ir-2e), .•. cos (2d-|ir) « = cos (2«iri:i»), 
.'. 20 « 2»ir + fir±Jir, .-. = i»» + |ir±iir. 

5 /=s 1 coseo* i$ — cosec^l^g ^ Bip^|g sin^ftf—gm^jg 

cos^ ^0 cos ' cosec- f cos' i0 cos ' sin* f0 sin' i0 

^ 4 sin 20 sin ^ 8 sin^ cos ^ ^ 

sin^ cos sin- cos 

6. Circumf.-ir. 2r=:3-1416in. x U=3-1416in. + -7864in, = 3*927 in. 

7. sin^sin (B-C) = sin (A-3) sinC, .-. sin (B + C) siii(-B-0 = 

sin(^ + ^)sin(^-^), .-. Biii2^-siu2(7 = 8inM-sin«^; 
.*. proportionally, b'—c^ = a^^l^, 

8. log » log /I + Z sin (7- Z sin ^ 2*03933 1 1 '96360 

= 2-09513, 9-92417 9-86837 

.-.<)» 124'48. 11-96350 2*09513 

2 ab (fl + *) tf + «* 

(A + c)(a + tf) 

„tan-i^±H±*i|-tan-U-J. 

(a + b)e + <^ 

10. c" - a» + *2-2ff*cos(7 - a2 + *2-2fld (l-2sinHC) 

= (a-*)» + 4aA8in2t(7= (44)« + 4. 169 . 126 (||V 

- 1936 + 4.(13)2.63 (.^^) -154», « » 164. 

\13 . 5/ 

xvin. 

1. Let a° a read, unit, and A"" = any z ; then — — Z.A^, measured 

a 

in terms of reqd. unit. Hence, by question, -^ +A ^ ^A \ 
11 * 

a 9 

2./»2(8in30 + cosS0)(sin<0-sin30cosS0 + co8«0)-36in40-3co8«0+l 
» i-(sin40 + 2sina0cos30 + cos4 0) al-(8in>0-i-cosSO)S»l-l«O. 

3. /* Bin*ul + cos3 A + sin^ ^ + cos'^~2 (cos ^ cos^ + sin^ sin i^) 
-2[r-cos(^-^)] = l + l-2cos(^-^)-2 + 2co8(-4--B) « 0. 

4. Expression -(-!)» (-taniir)3(-taniir)« [4tan<iir + 7(-tanJir)] 
-_(_V3).(--l5)'(4-7)— (-^)'(-8)-l. 

5. sin0 — ±1 s sin (db^ir), .*. ^ nirdclir, which are all included 
in nv + iv. 
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6. /=C08-» {!-«) + COB- »(!-*) 

=:C08-»{(l-o)(l-*)-v/r(2a-a«)(2i-iS)]} 

-vers-i {l-(l-a-* + a*) + v^[aA(2-a)(2-3)]} = /. 

7 BJn^-f sinJg + 8in(7^ f2A^ + 2A^2A\ . 2 2A.2a.2A 
2 sin ^ sin B sin C7 \ ^0 ea ab ] ' be ,ea .ab 
(I 1 , 1 \ aH^i^ 2« a^^Sc* oic A i2 
\*c <?a a*/ 8 a' abc 8 A* 4 A « r ' 

8, sin-* cos («-a) = cos-i sin {x—B) = sin -^^[1 — sin' (a?— ^)] 
as ain-i [cos (ar— /3)], .*. cos (a; — o) = ±cos {«— /8), 

.•. cos' (ar— oj — cos-(a:— iS) = 0, .'. sin (a-/3) sin (2a?— o— i3) = 0, 
.'. 8in(2d?— a— iS) » 1= sinnir, .*. ar = i («ir + a + /3). 

9, In fig. 2, Art. 73, suppose CD drawn bisecting BB' and .*. perpendi- 
cular to it. Then •.•^=46°, CZ>==^Z)=i (<? + c'), ^2>=i(c-c'), 

^ ' l+tan2^Ci) 

10, Suppose the perpendicular from A upon BC (fig. to Art. 20). Then 
AD X a «■ 2 A, also H. M. between -=— and -=- 

8—b 8—C 






XIX. 

1. Bec»e-sece-2-0, .-. 8eca=i[l±-y(l + 8)]=:2 or -1, .\9^&c. 

2. /» 4oo8 a (cos'o— sin- fir) = 4 cos'a— 4 cosa f = ^. 

3. 38in29 + 2co82a= 2+1-I-COS20, ,\ cos 20 » 3(1 -sin 20), 
.•. cos' a- sin* « 3 (cos 0— sin 0)', 

.•. (1) COS0— sin0 = 0, .*. tan0 » 1 = tan^ir, .*. = nir + iir ; 
(2) co8 9 + sin0 » 3(co8 9— sin0), .*. 4 8in0 » 2cos9, .*. tanO»i. 

4. /- 2Bin64°oo8 16°-2 sin 36° cos 1.5° = 2 cos 16° (sin 64°-sin36°) 

« 2 ^i~ . 2 cos 46° sin 9° = /. 
2 a/2 

5. 2 sin 3^ cos 4^ ■■ 0, .*. sin7^ — sin^ = 0, .*. sinT^- 
sinCfi. 180°+(-.l)»^], .-. [7-(-lH^ = n.l80°, .-.^-Ans. 

5, n . 180° + (— 1)" 34°. Let n be even and. = 2m ; the expression be- 
comes 2m . 180° + 34°, and represents angles having the same tangent 
as 34°, for they are bounded by the same lines as 34°. Let n be 
odd and»2m + l; then the expression is 2m. 180° + 180—34°, 
which represents angles in the second quadrant, which therefore 
have not the same tangent. 

7. 2irr - 2m . 40.7 yds. = 3927 yds., 

3927 , 3927^000 , ^oe ^- 
2x31416'^ 62832 ' ' 
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8. sin (ir cos 0) » sin (2«ir • ^ir), .*. ir cos a =- (2« + i) ir, 

. • . cos 6 » 2n -»■ 4 a ;t ^ (only possible values) — cos ^ir or cos (» + Jir), 
.-. e'^2nw±\w or 2«ir±(ir + ^ir) =- «ir±^ir. 

9. Expression - ten,-i ^^"^ ten-i£=^ 

1— ;r8in0 008 

gcosg jr— sin6 

« 4.a^-i l~^8'P^ cosg _ j^..i 8ing(l — 2a?8ing-t-ag') 

, a; cose (a; —sing) cos9(l — 2d;8in9+«>) 

cos0(l— d;Bin0) 
■s tan-* tane « (>. 

10. 1=^ - .(IrJJH^' . lrJiE|. ... rin 2« - sin e, 

l+8m2tf l-sm=»e l+sme 

^ ' ' 2-(-l)» 

Equating the cancelled factor to 0, sin » I, .*. a 2nw + ^. 

11. Let ar ft. = reqd. hei^t ; then 2- V3 = tan 16*» = (^^^"Ss) 

H-fl+£fc±i?)\ „ 10 2600jK^+_10£ ^ 600 

\ 60.60 /"so 2600 " 2600 + 3;»+ 10a?' 

solving, X s imaginary quantity. The impossibility of the problem 
also follows from tan 16° being >^. 

12. Let r be radius, then or » 2r + $r, .*. a— 3 ■■ 2. 

XX. 

1. tan (tan 0+ >v/3) » 0, .*. (1) tan » 0, .*. » inr ; 
(2) tan0=-^/3, .-. 0=««ir + f». 

2. In fig. 36, AE .CD.BF^e cos^ . b coaG, a coaJB l^AF, JBD . CS, 
by symmetry ; otherwise] =« ft cos^ . c cosB . a cosC = AF, BD . CB» 

3. / » 2 sin 3^(co62^ — cos 1 2A) = sin 6^ -t- sin^ - (sinl6^ — 8in9 Jl »/• 

4. tanS0-2tan0+l »« tan0 + 4 ^/(tan0) + 4, .-. tan0-l » ^/(tazi0} •»- 2 ; 
.-. tan0- V(tan0)-3=:O, .-. v'(tan0) - i(ldb -v/lS), 

.-. tan0 -i(14±2^/13) - i(7±V'13). 

5. Let a— 2)9, a-/3> a, a+jS, a + 2)3 be the angles in A. P. Then 
cos (a- 2)8) + cos (o — j8) + cos (a + )3) + cos (o,+ 2)8) « 0, 

.-. 2 cos a cos 2)8 + 2 cos a cos )8 » 0, .*. cos 2)8 + cos )8 — 0, 
.•• 2cosf)8cosii3 = 0, .*. )8 = \{nie-\-\ir)y 2(«ir + iir). 

6. The figureiseasy ; init-BD - e "'^ ^^ - sing sinM 

O. xne iigur« » ««iy , ^gin (M + 0) siuA sin (M + O 

asinC gsinC a sing 

2 cos \A sin (i^ + (7) sin (^ + C) + sin(7 su:lS + sinO^ 
Similarly for CD, 

7. sin (sin 0) « i -« sin^, .*. sin0 — iMr+ (— l)"iW| 
• .-. 0«8in-i [n» + (-l)«Jir]. 
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8. When sin 20 is + ve, 20 is between 2nir and 2nir + ir ; .*. is between 
riw and nir + \r; and between these limits sin $ and cos $ are of like 
sign, and .*. their product + ve. When sin 20 is — ve, 20 is between 
2nv + w and 2nir -I- 2ir ; .*. is between nw + iir and nir + w ; between 
these limits sin and cos are opposite in sign, and .* . their product 
—ye. 

9. tan-*ay + cot-"*a? so WW + tan -** + «» + cot-* d? 

■- 2nir-J-tan-* a? + ^ir — tan-* = 2fiir + iir. 

10. Let Af B (fig. 37) be the spectators, MH the vertical to the hori- 
zontal plane through A, B. Then AB = 10 m., HBM = 45°, .*. 
^ir=irif= a; suppose; HAM^Z(f, .-. AH=HMQoiZQi°^x^/Z, 
Also BAH = 221°. Then ar^ « 10* + ( VZx)^- 20 ^/Zx cos 22p ; 
.-. 2a?»-10V(6 + 3V2);r+100«0, 

. ^« 10>v/6 + 3V^2)±^/[100(6-f 3a/2)-8001 

-i[V(6 + 3v'2)dbA/(3-v/2-2)] = f[3-2±l-6] nearly- lljar4i. 

11. Let^, P be perimeters of the figures. Then (Euc. iv. 16) radius 
of circle about hexagon — \p ; and radius of circle in triangle 

V T; ^3*3 • 2 "^P 6>v/3' ••%^''36.3 "* * *' 

.•. j»' : P» - 1 : 4, .-. j» : p« 1 : 2. 

12. In fig. 38, suppose A^ B, C the harbour, blockader, and ship when 
overtaken, respectively. Then AB ^ 46° -23** - 22% AB = 10, 
BC^ 15; 

...tani(^-(7)=^%otii^ ml m 

« A cot 1 1° « ^'g cot 1 1*» ; 2527 44 

.-. Ztani(^-C) =log2 + Xcotll°-l tHtO^^O"- 1". 

= 10-0123777; 
.-. i(^-(7)=.46M8'69", and i(^ + C) = 79«; 
adding, -4 - 124° 48' 69", .-. course reqd. is 10° 11' 1" S. of E. 

XXI. 

4 A, J . ^^1, J sin A , coaA sin' A + cos' -4 2 

1. tan^ + cot^ - + - — - « — : — — — . - . ; 

cos A sin A sin A cos A sin 2.^1 

and *.* sin 2A is never > 1, .*. tan A + cot ^ is never < 2. 

2. Let A be reqd. Z . Then X tan ^ » Z cot ^ + -6316768 
- 10-log tan ^ + -6316768 » 20^Xtan^-i-*6316768, 
.•. Xtan ^ = 10-2668384, .-. A « 61° 82'. 

3. (2*tfcofl-4)» - (*» + «»-««)« - 4* + cf* + «* + 24»c«-2««i»-2aV, 

. 1 cn«J^ - , y^.g*-ha«-^2^^-2a«^-2aV 
. . l-CO0-^ -. 1 -p^ 

4yc3^^-&o. . / I 

"■ 44^? ' •••^"'- 
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4. 2C08«U = 1 + co.^ = 1+*1±^ - M=^, 

and 2sm>i^ - l-cos^ « l-^^~^ - a'-{b-c)^ 

2be 2be * 

.'. / = /. When « = * = <?, -4 = 60** and cot^M - 8; 

5. Let a, ^ be any two chords in the same circle, respectively sab- 
tending at the circumference the angles a and fi. Then, by Art. 
138, if jS be radios of the circle, a » 222 sin a, b ^ 2Ranfif 
.*. a : b =^ sina : siniS. 

6. tone - sec0-tanA = InHL^ « (cosjip-sinj^y _ oosj^-sini^^ 

cos cos^ ^ — sin^ 1^ oos 1^ + sin^^ 
^ l-tani» ^ taniir-teni» ^ ^ (4,-^). 
l+tani^ l+taniirtani^ ^* "^^ 

7. sin 112® is > cos 112** and + ve ; hence 

8inll2** + cosll2° = A/(l+sin224**) « V(l--69) -^(-Sl) - •6668, 
8inll2°-cos 112° = a/(1 -sin 224**) = ^{l + 69) » -•(1-69) - 1-3, 
.-. 2 sin 112** =1-8568, and sin 112**- -9284. 

8. Let(^«tan-i-^i^5A., ... eeo'a - 1 + (-^^^HLl^V 

l+a?cos$ \l+xcos9/ 

. If 2X0089^^ .../.008 2<.= 2C08»»-1- 

l + 2a:cos^ + a:2co8*e 
2 (1 + 2a; cos 6 -h a;" cos' 0) , ^ l + 2a;cosfl-»-a?»(2cos»e~l) ^ ^ 

1 + 2j: cos e + a:* ^ l + 2xcoB0 + a^ 

9. In fig. 39, let -45=40 ft. J5=90**, -4 = 76**, -40-OC-26. Thpn 
since j9 is in a semicircle, being right, .*. AC is a diameter ; .*. ADG 
is right-angled; v ^(7 =60 ft., -4-B=40ft., .-. -BC - 30 ft., 
.'. l^ABC = i X 40 X 30 sq. ft. = 600 sq. ft. ; and if CAB = a, 

.'. sin2C-4i> = sin (150**- 2a) = ^ (2cos2a-l) +^^3. 2sinoC08a 

- «-i+ -/a .f .f = T5»5 (7 + 24 v^3), 

A t^ABC^ \AI) . DC=\CA^ sin a4i> . cos CAD^i {CA^ sin 2CAD 

- i (50^) . tSr (7 + 24 ^/3) sq. ft. • ^<t (7 + 24 '%/3) sq. ft, 
.*. area ABCD » (600 + 87^ + 300 ^s/d) sq. ft. 

= (687-6 + 6 19-6) sq.ft. = 1207*1 sq.ft. 

10. Let a be base. Now t («—«)(«—*)(«-<?) =» (»- a) [«*— (3 +«)»+ *c], 
where «, «~a are constant; and .*. also 2s^a or b-^rc, Henc9 ^ 
alone is variable. Now 44o= (* + c)'— (A— «)', which is great « 
when & = c ; i.e., when the triangle is isosceles. 

11. In fig. 40, let 2>, ^ be respective points of contact of inscribed and 
escribed circles with BC. Then CD ^CE^ OD cot \C f^ O'EtKHiC 

f ^ («— a)(«— 4) •— a ^ «(»— tf) 
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12. (1) *•* the elevations are all equal, the points of observation are 
equally distant from the foot of the tower. This latter therefore 
is the centre of the circle passing through those points. Hence 
distance = radius of circle about the triangle formed by the g^ven 

distances, and may be known by formula r = — . The required 

o 

height is perpendicular in a right-angled triangle whose base and 
base-angle are known. 
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4. The Teaching of Physical Science, by Prof. G. C. Postbb, F.R.S., W. G. 

Adams, J. M. Wilson, M.A. 
6. The Teaching of Arithmetic, by Bev. W. H. Gibdlestone, M.A. 
6. The Teaching of Chemistry, by Prof. Babff, M.A. 
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Monthly, price 6d., by post 7d. 

HE EDUCATIONAL TIMES, and JOURNAL of 

the COLLEGE OP PBECEPTOES. 



EXAMINATION PAPERS, 

Set at the Examinations of the College of Preceptors. 

UPILS' EXAMINATION.— The Papers set at the 

Midsummer and Christmas Examinations, Sixpence each Set. (Back 
Sets fW>m Midsummer, 1882, still to be had.) 

The Fbeehand Drawing Copy set at the last seven of the above Ex- 
aminations, can also be had, price 2d. each ; or Is. 6d. per dozen. 

ROFESSIONAL PRELIMINARY EXAMINA- 

TION.— The Papers set at the March and September Examinations, 
Sixpence each Set. (Back Sets from March, 1882, still to be had.) 

DIPLOMA EXAMINATION. — These Papers are 
now published only in the Ollege Calendar. See above. 
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In Three Parts, Demy 8vo, price Is. 6d. each. 

SOLUTIONS of EXAMINATION PAPERS in 
ARITHMETIC and ALGEBEA, selected from the Papers set at the 
College of Preceptors, Coll«ee of Surgeons, London Matriculation, and Ox- 
f^M and Cambridge Local Examinations. (Longmans, Green, A Co.) 



In Twelve Numbers, interleaved with tissue paper, price Is. each, 

Jirst Smom in §rafem0 mh §mp; 

Or, pencilled COPIES AND EASY EXAMPLES. 

For the use of Schools and Families, and intended as 
a Preparation for the Drawing Master. 

By GEORGE CARPENTER, 

Principal Drawing Master in the Stationers' Company's Grammar School. 

CONTENTS. 

No. 1. Straight Lines and their No. 7. Trees. 

Combinations, &c. No. 8. The Human Figure. 

No. 2. Rectilineal Figures. No. 9. Animals and Rustic Figures. 

No. 8. Curves. No. 10. Ornament. 

No. 4. Outlines of Familiar Objects. No. 11. Flowers. 

No. 5. Shaded Figures. No. 12. Maps. 
No. 6. Introduction to Perspective. 

The Series embraces a complete course of Elementary Drawing, consisting 
of appropriate and carefully graduated Copies, advancing fh>m the simple 
stroKe to the most difficult outline, printed in pencil-coloured ink, to oe 
first drawn over, and then imitated. The Exercises have been so simplified 
as to render the art of Drawing as easy of attainment as that of Writing. 
As soon as children are able to write, they are also able to draw. And for 
the purpose of early training, in order that their ideas of Form may become 
cwrrect, and the eye and hand acquire the habit of workingin unison without 
effbrt, it is confidently believed that no Series of Drawing Books exists which 
can compare with the present. 



WOBES BY J. WHABTON, M.A. 



Ninth Edition, 12mo, cloth, price 2s.; or, with the Answers, 28. 6d. 

LOGICAL ARITHMETIC ; being a Text-Book for 
Glass Teaching ; and comprising a Course of Fractional and Pro- 
portional Arithmetic, an Introduction to Logarithms, and Selections 
m>m the Civil Service, College of Preceptors, and Oxford Examination 
Papers. 

ANSWERS to the QUESTIONS in the LOGICAL ARITHMETIC. 
12mo, price 6d. 

Thirteenth Edition, 12mo, cloth, price Is. 

EXAMPLES in ALGEBRA for JUNIOR CLASSES. 

Adapted to all Text-Books ; and arranged to assist both the Tutor and 
the Pupil. 

Third Edition, cloth lettered, 12mo, price 88. 

EXAMPLES in ALGEBRA for SENIOR CLASSES. 

Containing Examples in Fnutions, Surds, Equations, Progressions, &c., 
and Problems of a higher range. 

THE KET; containing complete Solutions to the Questions in the 
** Examples in Algebra for i^enior Classes," to Quadratics inclusive. 
12mo, cloth, price 3s. <3d. 



New and Revised Edition, small cr. 8vo, price 2s. 

AN INTRODUCTION TO GEOMETRY. 

'^ FOB THE USE OF BEQJNNEUS, 

CONSISTING OP 

EUCLID'S ELEMENTS, BOOK L 

Accompanied by Numerous Explanations, Questions, and Exercises. 

By JOHN WALMSLEY, B.A. 

Author of ** Plane Trigonometry," &c. ; Head-Master of the Grammar 

School, Eccles. 



As principal features may be mentioned : — 

1. Abundance of original work is provided to be donebv the pupil himself, 
commencing with his very first studies in the subject. To develop geometri- 
cal power, numerous examples are assumed to be as necessary as they are 
allowed to be for the corresponding purpose in Arithmetic or Algebra. In 
all, over twelve hundred questions and examples are given in the book. 

2. These are so constructed as to begin with work such as no pupil of the 
most ordinary capacity can fail to accomplish ; and lead on with easy gradu- 
ation 10 deductions of some difficulty. 

8. They also, for the most part, require explicit answering ; and therefore 
may be readily corrected, and so are specially suited for clais-work. 

4. Every point of difficulty in Euclid's text is anticipated, and fully cleared 
up in exercises which precede it. 

6. For classes of pupils partially trained, or of maturer age, the exercises 
constitute a copious store of useful examples, from which the teacher may 
draw according to his needs. They are supplemented by thirty graduated 
*' Papers for Revision," six sets of questions taken from recent papers of the 
Science and Art Department, and twelve from the London University Ma- 
triculation Papers. 



OPINIONS OF THE PRESS. 

** We cordially recommend this book. The plan adopted is founded upon 
a proper appreciation of the soundest principles of teaching. We have not 
space to give it in detail, but Mr. Walmsley is fully justified in saying that it 
provides for ' a natural and continuous training to pupils taken in classes.' ** 
— AthencBum, 

** The book has been carefully written, and will be cordially welcomed by 
all those who are interested in the best methods of teaching Geometry." — 
School Guardian. 

'* Mr. Walmsley has made an addition of a novel kind to the many recent 
works intended to simplify the teaching of the elements of Geometry. . . . 
The system will undoubtedly help the pupil to a thorough comprehension 
of his suhject."— School Board Chronicle. 

" When we consider how many teachers of Euclid teach it without intelli- 

fence, and then lay the blame on the stupidity of the pupils, we could wish 
hat every young teacher of Euclid, however nigh he may have been among^ 
the WrauKlers, would take the trouble to read Mr. Walmsley's book through 
before he begins to teach the First Book to young \)oy%,"— Journal of EdU' 
cation. 

** We have used the book to the manifest pleasure and interest, as well as 
progress, of our own students in mathematics ever since it was published, 
and we have the greatest pleasure in recommending its use to other teachers. 
The Questions and Exercises are of incalculable value to the teacher,"— 
Educational Chronicle. 

KEY to the above, price 28. 
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Ninth Edition. Small crown 8vo, cloth lettered, price 2s. 6d. 
AN INTBODUCTORY COURSE OF 

LANE TRIGONOMETRY AND LOGARITHMS. 

By JOHN WALMSLEY, B.A. 

*' Tliis book is carefully done ; has full extent of matter, and good store of 
ezaxxiples."— .<4 tfienceum. 

** This is a carefully worked-out treatise, with a very laree collection of 
well-chosen and well-arranged examples/' — Papers/or the Scnoclnmster. 

"This is an excellent work. The proofs of the several propositions are 
distinct, the explanatioiLs clear and concise, and the general plan of arrange- 
ment accurate and methodical."— 2%^ Museum and JBnffltsh Journal of 
Education, 

** The explanations of logarithms are remarkably full and clear .... The 
seyeral parts of the subject are, throughout the work, treated according to 

the most recent and approved methods It is, in fact, a book for begin' 

nerSt &nd by far the simplest and most satisfactoi*y work of the kind we have 
met with.*'— Educational IHmes. 

Price Five Shillings, 
KEY to the above, containing Solutions of all the Examples therein. 
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Ey the same Author. 
New Edition. Pcap. 8vo, cloth, price 6s. 

LANE TRIGONOMETRY AND LOGARITHMS. 

FOB SCHOOLS AND COLLEGES. 

Comprising the higher branches of the subject not treated in the 

elementary work. 



Suitable for Students preparing for (he University Local and similar 

Examinations. 

In the Press. 
AN INTRODUCTORY COURSE OF 

DEMONSTRATIVE STATICS. With numerous 
Examples, many of which are fully worked out in illustration of 
the text. 

A series of papers is appended which are composed for the most part of 
auestions taken from modem examination papers, such as the Universitv 
Local, College of Preceptors, London University, Woolwich, Ac. These will 
be found suitable either for revision purposes or as test-papers. 

In the preparation of the text, the best authorities have been consulted, 
including Thomson and Tait, Clerk Maxwell, Rankine, Todhunter, Minchin, 
Poinsot, Ac. i and endeavour has been made to cope with every difficulty 
which fairly lies within the scope of such a work. 

Whatever order may be taken by teachers with the treatment of Experi- 
mental Dynamics (" Mechanics " or " Natural Philosophv "), or in the higher 
study of Demonstrative (" Rational ") Dynamics, the writer believes that it is 
still found most convenient to enter ui)on the methods of the latter branch 
of the subject by taking those of Statics first. Various syllabuses, which 
have come under his notice, of Courses of Lectures delivered by eminent 
professors, some of whom may be described as "advanced" in tbeur opinions 
on the point, appear to confirm this view. 

Accordingly, the needs of a beginner have been considered in giving the 
details both of exposition and worked examples, and in constructing and 
graduating the Exercises. At the same time, by means of two short appen- 
aioes, it has been rendered indifferent whether the entire work be taken 
before or after the study of Kinetics. 



Fart I. now ready, 280 pp.. Royal 8ro, price 128. 

A SYNOPSIS of PTJEE and APPLIED MATHEMATICS. 

By G. S. CARR, M.A., 
Late Prizeman and Scholar of Gonville and Caius College, Cambridge. 



The work may also be had in Sections, separately, as follows : — g^ ^^ 

Section I.— Mathematical Tables 2 

„ II.— Algebra 2 6 

„ III. — Theory of Equations and Determinants 2 
, , IV. & V. together^-Plane and Spherical Trigo- 
nometry 2 

„ VI.— Elementary Geometry 2 6 

„ VII.— Geometrical Conies 2 

Part II. of Volume I., which is in the Press, will contain — 

Section VIII.— Differential Calculus 2 

„ IX.— Integral Calculus 3 6 

„ X. — Calculus of Variations ") 

„ XI.— Differential Equations > 3 6 

, , XII. — Calculus of Finite Differences ) 

„ XIII. — Plane Coordinate Geometry. 

„ XIV.— Solid Coordinate Geometry. 

Vol. II. is in preparation, and will be devoted to Applied Mathematics and 

other branches of Pure Mathematics. 



The work is designed for the use of University arid other Candidates who 
may be reading for examination. It forms a digest of the conteuts of ordi- 
nary treatises, and is arranged so as to enable the student rapidly to revise 
his subjects. To this end, all the important propositions in each branch of 
Mathematics are presented within the compass of a few pages. This has 
been accompliished, firstly, by the omission of all extraneous matter and 
redundant explanations, and, secondly, by carefully compressing the demon- 
strations in such a manner as to place only the leading steps of each promi- 
nently before the reader. The whole is intended to form, when completed, 
a permanent work of reference for mathematical r^tders generally. 



OPINIONS OF THE PRESS. 
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' The book before us is a first section of a work which, when complete, is 
to be a Synopsis of the whole range of Mathematics. It comprises a short 
but well-chosen collection of Physical Constants, a table of factors up to 
99,000, from Burckhardt, &c. &c. . . . We may signalize the chapter on 
Geometrical Conies as a model of compressed brevity. . . . The book will 
be valuable to a student in revision for examination papers, and the com- 
pleteness of the collection of theorems will make it a useful book of reference 
to the mathematician. The pubhshers merit commendation for the appear- 
ance of the book. The paper is good, the type lai^e and excellent."— vbwr- 
nal qf Education. 

"Having carefolly read the whole of the text, we can say that Mr. Carr 
has embodied in his book all the most useful propositions in the subjects 
treated of, and besides has given many others which do not so frequently 
turn up in the course of study. The work is printed in a good bold type on 
good naper, and the figures are admirably ^ocB.\n\.**— Nature. 

" Mr. Carr has made a very judicious selection, so that it would be hard 
to find anything in the ordinary text-books whicn he has not labelled and 
put in its own place in his collection. The Geometrical portion, on account 
of the clear figures and compressed proofs^ calls for a special word of praise. 
The type is exceedingly clear, and the prmting well done." — Educational 
Times. 

** The coxnpilation will prove very useful to advanced students.**— 2%tf 
Journal of Science. 



Text'booka used in tlie Royal Military 
Academy^ Woolwich* 

Boyal 8vo, price 78. 6d. 

LECTUEES ON THE ELEMENTS OF APPLIED 
MECHANICS. Comprising (1) Stability of Structures : (2) Stretigrth 
of Materials. By MoReAN W. Crofton, F.B.S., Professor of Mathematics 
and Mechanics at the Royal Military Academy, Woolwich. 

Demy 8vo, price 7s. 6d. Second Edition. 

TRACTS ON MECHANICS. In Three Parts— 
Parts 1 and 2, On the Theory of Work, and Graphical Solution of Stati- 
cal Problems; by Morgan W. Croftov, F.E.S., Professor of Mathematics 
and Mechanics at the Royal Military Academy. Part 3, Artillery Machines ; 
by Major Edgar Kenbinoton, R. A^ Professor of Mathematics and Artil- 
lery at the Royal Military College of Canada. 

Extra fcap. 8vo, price 4s. 6d. Third Edition. 

ELEMENTARY MANUAL OF COORDINATE 
GEOMETRY AND CONIC SECTIONS. By Rev. J. WHITE, M.A., 
Head Master of the Royal Naval School, New Cross. 
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In 8vo, cloth lettered. 

ROCEEDINGS OF THE LONDON MATHE- 

MATICAL SOCIETY. 

Vol. I., fh)m January 1865 to November 1866, price 10s. 
VoL II., from November 1866 to November 1869, price 168. 
Vol. III., from November 1869 to November 1871, price 20s. 
Vol. IV., fh)m November 1871 to November 1878, price 81s. 6d. 
Vol. v., from November 1873 to November 1874, price ISs. 
Vol. YLj ftrom November 1874 to November 1876, price 21s. 
Vol. VIL, from November 1876 to November 1876, price 218. 
Vol. VIII., fh)m November 1876 to November 1877, i)rice 21b. 
Vol. IX., fh>m November 1877 to November 1878, price 21s. 
Vol. X.. from November 1878 to November 1879, price 18s. 
Vol. XI., from November 1879 to November 1880, price 128. 6d. 
Vol. XII., fh)m November 1880 to November 1881, price 168. 
Vol. XIII., from November 1881 to November 1882, price 18s. 
Vol. XIV., from November 1882 to November 1883, price 208. 
Vol. XV., fh)m Nouember 1883 to November 1884, price 20s. 



In half-yearly Volumes, 8vo, price Os. 6d. each. 
(To Subscribers, price 58.) 

MATHEMATICAL QUESTIONS, with their 
SOLUTIONS, Reprinted from the EDUCATIONAL TIMES. 
Edited by W. J. C. Miller, B.A., Registrar of the General Medical CounoU. 
Of this series fort;^-three volumes have now been published, each volume 
containing, in addition to the papers and solutions that have appeared in 
the Educational Times^ about the same quantity of new articles, and com- 

Iirlsing contributions, in all branches of Mathematics, fh>m most of the 
eading Mathematicians in this and other countries. 
New Subscribers may have any of the back Volumes at Subscription price. 



WORKS BT THE LATZ O. T08CAHX, 
Professor of the Italiau Language and Lltemtare in Queen's Collie, London. 

12mo, cloth lettered, price Ss. 

TTALIAN CONVERSATIONAL COXTBSE. A New 

JL Method of Teaching the Italian Language* hoth IHieoreticalljr and Prac- 
tic«Uy. Fifth Edition. 

12mo, cloth lettered* price 38. 6d. 

ITALIAN READING COURSE, comprrfiending spe- 
cimens in Prose and Poetry of the most distinguished Italian writers, 
with Biographical Notices, Explanatory Notes, andltules on Prosody. 



Demy 8vo, sewed. Is. 4d. 

IVrOTES ON THE FIRST PRINCIPLES OF 

-L 1 DYNAMICS. By W. H. H. HuDSOir, M.A., Professor d Mathe- 
matics in King's College, London. 



WORKS BT ALEXANDER J. ELLIS, F.B.S., F.S.A. 

Demy 8vo, price 5s. 

ALGEBRA IDENTIFIED WITH GEOMETRY, 
IN PlYB T&JLCTS. 

1. Euclid's Conception of Ratio and Proportion. 

2. " Camot's Principle" for Limits. 

3. Laws of Tensors, or the Algebra of Proportion. 

4. Laws of Clinants, or the Algebra of Similar Triangles lyills on the 

Same Plane. 

5. Stigmatic Geometry, or the Correspondence of Points in a Plme. With 

one photo-lithographed Table of Figures. 

Also, by the Same Author. 

HOW TO TEACH PROPORTION WITHOCET RE- 

SPECT TO COMMENSURABILITT, withNoteson GoUatent subjects. 
8vo, price Is. 

4 pp., demy 4to, price Id. 

ARITHMETICAL CRUTCHES FOR LIMPING 

CALCULATORS AND GYMNASTICS POR WEAK 0NB9. 

Demy 8vo, sewed. Is. 



Demy 8to, price 6s. each. 

TRACTS relating to the MODERN HIGHER MA- 
THBMATICS. By the Rev. W. J. Wright, M.A. 

Tbact No. 1.-DBTBRMINANTS. 

„ No. 2.— TBILINBAR COORDINATES. 
„ No. 8.-INVARIANTS. 

The object of this series is to afford to the young student an easy introdno- 
tion to tlie study of the higher branches of Modem MatbemoBCS. It is 
proposed to follow the above with Tracts on Theory of Siirfoee^, Elliptic 

Integrals, and Quaternions. 



CONSUMPTION ; with Remarks on Inf ection, Here- 
di^. Causes, &c. A Popular, Non-Technical Treatise. Bjr WiiXiAK 
JDalb, M!.D. 



